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“Tlio end of o\ir foundation is tho knowledge of causes and 
secret motions of things.” — B acon. 

•* What doterminos molecular motion ! Tho fundamonUl prob- 
lem of Nature.” — C roll. 

“Tho direct action of tho medium wa.s tho immnrdial factor 
of organic evolution.” — SrRNCKii. 




PEEFACE 


In my former work, “The Origin of Floral Structures tlirouRli 
Insect and other Agencies,” * I endeavoiircil to prove tliat 
the direct action of the environment, in its widest sense, 
coupled with the responsive power of protoplasm, in other 
words, the two well-recognised factors of Evolution, are the 
sole and efficient causes of adaptive variations in plants. 

They have nothing to do with Natural Selection, the 

latter being, as Darwin says, “a totally distinct considera- 
tion ”2 

Since, however, variations of structure are the sources of 
varieties of plants, and varieties arc simply incipient species, 
It 13 clear that if the environment can be proved to be a 
perfectly efficient agent in stimulating the inherent variability 
of plants, the question at once arises. What, if any. aid does 
Natural Selection supply in the Origin of Si>ecies ? 

The answer to this depends upon another questin- 
Does the environment induce indiscrimina 
calls them, “indefinite” variations? Su 
sary for the Darwinian Jiypothesis, whir 

! Scientific Series, vol. ly 
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tliat jilaiits, when llu'y vary, <l‘> so iiulefinituly in nature,^ aiul 
tliat tlif niviromm-nt tlion (motaphoriciilly) “solecU” the best 
litteil t»> survive. 

Mv ivplv is that a new environment iloes not, in any sen.se 
..f the term, “ seleet ” at all ; but iUelf milwes a plant to/onn 
s/ffinitr, ami not imlelinite variations in nature. 

L;ustlv, iletinite variations are ahvat/.-i in the direction of 

adai)Uition to tlie envirtmment itself. 

If this bo .s.>, tlien, a.s Darwin as.sures us, Natural Selection 

is not want..,! at all, so far, at least, as the (higin of Species 
is concerned.- 

The oh,jei-t of the present work is to suhstantiatc those 
statements, an.l therehy to maintain the same view as to the 
„,i,.i„ of vegetative structnres whieh 1 have a.lvoeated m 
n.y fornno- work for that of floral strnetnres ; so that the 
tw.. hooks taken togetl.er, it is hoped, wdl farms, a 
l„U,,.hly con.plete proof of the truth that the origin of all 

plant structures issues fi'om self-adaptation to ' 

ronment (directly or indirectly), without the aul of Natma 

''■;'‘ wm now present in a concise epitome the o,^e<d m 
vis., to prove that the Origin of Species ... plants 
' viy due to d.e direct action of the environment ; an.l 

t , is one which Darwin fully recognised as 

lity is ft x''**^'* common result of chnn},H-a 

v.'^ri.'ibility.”— of Sficirs, 6th .mI., p. ■ 
uu.tal inist.'vke ; n„r derinite variation is a law 

• Domestication, 271* 
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existing, but with the reservation tliat he tliought it to be 
exceptional, instead of its being the rule in nature. This 

epitome will be more fully expanded in the First and Intro- 
ductory Chapter. 


I. Darwin asserts that Natural Selection has no relation 

whatever to the primary cause of any modification of 
structure.^ 

ir. A changed cnvironment^especially that of cultivation— 
stimulates variability, r.e., the innate capacity of vary- 
ing, which results in variations of structure. This 

fact is recognised by Darwin, Weisnmnn, Spencer, and 
all other biologists. 

nr. Under cultivation, variations, especially after several 

years, are often indefinite, as may be seen in wheat, 

maize, and in numerous garden plants (but not in 

all, as sea -kale and asparagus). Hence artificial 
selection is absolutely necessary. 

IV. In nature, variations arc always definite, and not ex- 
ceptionally so, as Darwin thought. The consequence 

IS that all or nearly all the individuals become modi- 
fiod in the same wav.” ^ 


V. The result of the proceeding is that a new variety, am 
thence a new species, would be produced '‘withou 
the aid of Natural Selection ” ® ^ 

* Oripii of Species, 6th ed., p. io6. / 

AmmaU and Plants under Domestication, vel. ii. p. aj, 
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Had Diuwin stuilieil plants in a stato of nature to the 
same extent as eultivatc<l ones, he would soon have discovered 
that this last-mentioned result of the direct action of the 
environment is the rule, and not the exception. The conse- 
quence, however, will he seen to ho of vital importance to 
his theory ; hecause, having started with the wrong assumption, 
that variations were indelinite in nature, just as they so often 
are under cultivation, he was obliged to call in the imaginary 
aid of Natural Selection to correspond with the artificial aid 

of man under cultivation.^ 

Tlio truth, tlicrufuru, wliich I propose to eshibhsli is pre- 
,-isely that rvhieh Mr. Ilerliert Spencer has state.l in the 
following worils Under new conditions tlic organism im- 
nicdiat.dy t>ogins to undergo certain clianges in .structure 
fitting it for its new conditions;” to wliich I would only 
a, 1,1, "that its oilspring all alike carry on those changes till 
cpiilihrium is established hetween them and the external 

conditions of the environment. 

It is interesting to find that, though science was in a 

.somewhat elementary condition in his ilay. Bacon was im 
pressed with the truth of Evolution or the transnuitatioii of 
species, though partly in a wrong sense, on much the sainc 
ground.- as those which I shall advance in the present work; 
and ho alsb-yvlvocates experiments to test it. As my readeis 

■ In .a c„rrcsi.ond.x:.ce with the late Professor Romanes last 
th,s subject, he wroW n.e a, follows Of course, ,t yo,. could pr^e 

that lu.liserhnuuue [i.r., in, letiuite] variations have not occun-cl u. wU . 
plants, hut only under cuHtivatiun, yon would destroy Darw.n.sn. ,n (olo. 

(llycreJi, ^liirch 12, 1894,)^ 


PREFACE 


XI 


may not all know what he has said on the subject, I will 

conclude this preface with a quotation from lus writings. 

“Experiments in consort touching tlic degenerating of 

plants, and of the transmutation of them one into another. 
Century VI. 


518. “The rule is certain, that plants for want of culture 
degeneraU to be baser in the same kiwi; and sonietiines so 
far as to change into another kind. 

1. “The standing long, and not being removed, maketh 
them degenerate. 

2. ^ “Drought, unless the earth of itself be moist, doth the 


3- “So doth removing into worse earth, or forbearing to 
compost the earth (as we see that water-mint turneth into 
field-mnt, and the colemoH into rape, by neglect, &c.). 

52 . “You must make account, that if you will have one 

Zr! “ ' to P^^ctise it by 

uounshment as contrary as may be to the nature of the 

-a JeZTha?“" “r «'<-vise 

vigour -e least 

them upon tops of hills and champaigns 
^«ta as require much moisture, upon sandy 
■ As, for example, marsh-mallowr 

* Illustrated below, cbaiis. ii., Hi., 
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lulls, cm uml>.-v and K-llnco seeds and coloworts upon a sandy 
plot ■ so, .onlrariwise, plant bushes, heath, ling, brakes, upon 
a wet and n.arshy ground.' This I conceive also, that all 
esculent and garde., herhs set uiK>n the tops of h.lls will 
prove ...ore ..ledici..al,- tho..gh less escule..t, than they were 
before. A..d it ...ay be likewise some wild herbs you may 
...ake sallad herhs. This is the first rule for tra..sn.uUat.o.. 

of planu.” 1 , XI 

To these ac.tc observations of Baco.. I would add the 

followi..g rc.arks on the pa.ssages I have italic.sed 

C.8 This view is ..ow .nai..tai..ed by bota.rists ; though since 
15aco..'s ti...e it has bee.. a,s.,er.ed that cultivated plat.t-s degenerate 

u.to .heir wild a..d origi..al for...s. They, /orL 

1,. linker .nai...ai.,s,' are, as i.. lk.co..’s words, “base. forms 

^ u. nooke.. re...arks that 

var. oUif-r,., “...ay be a starved sU.te of the t..r...p escaped 

"'S"'lM.eri...e...s here suggested are just those winch mb 
lJo..nier a.id Flal.o.ilt have carried out w.th pla..ts o 
tudes and la.it.ales, by growit.g the... i.. h.gher o..cs. 

. See beh.w, chap, ii., hu expcri...e..ts wiU. 

. Pliny ....Ud this (.act, which agrec.s w.th nature, vegetable . 

.t, balsan,s, &c„ are correlated with a dry afno.phere. bee .nfra, 

ainl V. ... , 

fit.n to Flora of TiVMn:mia. pp. vni. ix. 

'It.ra of the Briti.sh Islc-s, p. 32. , . . , * 

low .11 the chapUT on Alpine- and Arctic plants. 
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THE ORIGIN OF PLANT STRUCTURES 


CHAPTER I 

INTRODUCTORY: ON THE ORIGIN OF SPECIES WITHOUT 
THE AID OF NATURAL SELECTION 

Natural Selection Plays no Part in the Origin of Species. 
— I now develop more fully the points emphasised in the 

epitome of my subject given in the preface. The purport, 
then, of this book is, I repeat, to prove that the origin of 
species issues out of the direct action of the environment, 
through the responsiveness of protoplasm in the organism 
itself ; and as we are all so familiar with the title of Darwin’s 
work, “The Origin of Species by means of Natural Selec- 
tion,” it is important to insist upon the fact that their real 
origin has nothing to do with natural selection iUelf at all. 
Darwin himself enforces this upon his readers, saying that 
the primary causes of the origin of variations of structure— 
which are, of course, themselves the sources of the origin of 

>ecific characters — are q^uite independent of natural selec- 
on. 

His words are as follows “ The direct action of the con- 
I tions of life, whether leading to definite or indefinite results 
' ^ ^ totally distinct consideration from the eifects of nn* 
-election ; for natural selection depends on the surviv 
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various ami complex circumstances of the l>est-fittcd indivi- 
duals, hut has no relation wliatcver to the primary cause of any 
modihcation of structure.” * 

Similarly with regard to cultivated plants and domesticated 
animals he says : — “ If we ask ourselves why this or that 
character luis heeii modified under domestication, we are, in 
most cases, lost in utter darkness. Many naturalists, especially 
of the French school, attribute every modification to the 
‘monde ambiant,’ that is, to a changed climate, with all its 
diversity of heat and cold, dampness and dryness, light and 
electricity, to the nature of the soil, and to varied kinds and 
amount of food. V>y the term definite action, I mean an action 
of such a nature that, when many individuals of the same 
variety are exposed during several generations to any change 
in their physical conditions of life, all, or nearly all the indi- 
viduals arc modified in the same manner. A new sub-variety 
would thus be produced without the aid of natural selec- 
tion.” 2 

The latest writer advancing these views is Professor Eug. 
AVarming in a paper describing the vegetation of Lagoa Santa 
in Brazil, in which, after alluding to the many features char- 
acteristic of that dry region, he observes : — “ 11 y a lieu de 
penser que ccs adaiitations se produisent directement sous 


^ Animals and Plants under Domestication, vol. ii. p. 272. 

2 Jfjul., p. 271. ^7 

3 La>/oa Sfinta (Brdsil), Elude <lc Ocorjraphic BoUin,quc ; Rev. G 6 n. de 
Bol.y V. p. 144, 1893. The above <piotation is abundantly illustrated and 
enforced by the author in the work itself, entitled La<joa Santa : bt Btdrag 
Id den biolofjiskc Plantcyeoyraji, af Eug. Warming (Copenhapn, 1892). 
Having sent him a copy of my “ reply ” to Mr. Wnllace, entitled “ The 
Origin of Species without the Aid of Natural Selection ” {Natural Science, 

> 1 . V. p. 257), he writes me as follows “ I am altogether in accordance 
^ur views, as you will have seen from Lagoa Santa" (Copenhagen, 

\ t, 1895)- 



INTRODUCTORY 


3 


I’influence du milieu, et qu’il n’est pas besoin, pour les cx- 
pliquer, d’iiivoquer les leuteurs de la selection naturelle. 
Tout au moins Ic milieu physique peut agir directement 
pour d^velopper les 6pines, pour diminucr la dimension dcs 
feuilles, &c. Ces modifications, directement dctermindes par 
le milieu, seraient fix^es par la succession de milliers de 
generations.” 

I would here add, that in 1851 Mr. Wallace observed that 
local varieties of butterflies and other groups of insects “ seem 
to indicate that climate and other physical causes have, in 
some cases, a very powerful effect in modifying specific form 
and colour, and thus directly aid in producing the endless 
variety of nature.” ^ Similarly, eighteen years afterwards, Dr. 
Weismann came to precisely the same conclusion, for he says : 

“ It must be admitted that there are cases, such as the 
climatic varieties of certain butterflies, which raise some diffi- 
culties against this explanation [direct influences upon the 
germ-cells]. I myself, some years ago, experimentally investi- 
gated one such case, and even now I cannot explam the facts 
otherwise than by supposing the passive acquisition of char- 
acters produced by the direct influence of climate.” 2 


M, Ed. Heckel takes the same view, for he observes, when 
discussing the origin of the bright colours of Alpine flowem 

“Jo veux me rappeler seulement que le v 6 g 6 tal dans' son 
ensemlie k r&ultat du pIp-., ainbiantes qui I’en- 

toupent, qu, I'enlacent, et qui lui impriment son cachet morpho- 

P« PhtodS!’’ 3 impressions plastiques donn&s 


un^ilw suys:-“It seems, then, to ho 

undeniable that the characters and the variation of species are 


I 

s 

d 


On Natural Selection, p. 179. 

E^aya u^n He^dity. &c.. Eng. ed.. p. 99. 
Bull, dela Soe. Dot. de Pr., 1883, p. 149. 


4 


THE ORIGIN OF PLANT STRUCTURES 


due to the combined action of internal and external agencies 
acting in a direct, positive, and constructive manner.”* 

Tue Supposed Requirements of Natural Selection. — I 
may say, at once, that the conclusions arrived at by these 
and other writers are precisely what I shall endeavour to 
prove to be correct both from observation and experiment; 
though, as soon as a large number of seedlings put in an ap- 
pearance, natural selection at once steps in, so to say, with the 
result that all those with too weak a constitution to maintain 
themselves fail to withstand the struggle for existence and to 
come to maturity, the stronger plants only proving themselves 
tlie best fitted to survive. This process of selection, however, 
is quite independent of any modifications in morphological 
structure, by which “ varieties” or “sub-species,” &c., arc alone 
recognised. 

1 would strongly emphasise this fact ; for when one speaks 
of “the survival of the fittest” out of the superabundance of 
offspring which are born — the average number of those which 
survive remaining constant — Darwinians assume that this sur- 
vival turns upon structural differences^ arising from “the law 
of variation,” whicli Mr. Wallace describes as follows: “Off- 
spring resemble their parents very much, but not wholly each 
pbiiTig possesses its individuality. This ‘variation itself varies 

^ ig always present, not only in the whole being, 

in ainouiiw, . beincr. Every organ^^eiSEV char- 

ia'individuaf; that [s to say. from 

trsal mS. character, or feeUn. in every other rndr- 

Now 1 would ask any Darwinian if there is any evidence 
direct ;r indirect, that any such trivial morphologrcal d.ffer- 

. On the Development of the Individual and the Species. &c. /’roc. 

Zool. Soc. June IJ, 1884, P- 47 ^^ _ g p. 3^. 

2 On Natural Selection, p. 200 , cj b 
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ences as arc here alUidecl to are of the slightest consec^uenco 
to a seedling, so as to enable it to survive in the struggle for 
life, and what attempts have been made experimentally to 
test the truth or the reverse of this hypothesis 1 

Let it not be forgotten, too, that specific and generic char- 
acters are more often taken from the flowers and fruits, organs 
which are totally undeveloped when the destruction among 
germinating plants takes place ; and therefore they must be 
all put out of court so far as natural selection is concerned in 
bringing about the survival of the fittest. 

It has been suggested that a plant survives because, say, of 
some superiority in the structure of the flower, this feature 
being correlated with a more vigorous constitution than that 
of other seedlings, which die in a premature state. I reply 
that this simply begs the question, or is “putting the cart 
before the horse.” A seedling survives among others solely 
because it is vigorous. This is capable of proof. And whatever 
flowers it may subsequently bear, it must be contented with 
them, whether they be the “best” or not for pollination by 
insects or otherwise. 

Moreover, in this definition, Mr. Wallace has omitted to 
state that morphological variations of any importance, as a 
rule, only arise in plants when the environment is changed. As 
long as a ^vild species is living, generation after generation, in 
precisely the same' conditions, there are no such pronounced 
variations as are capable of giving rise to a new sub-variety. 
Nevertheless, the average number of plants is maintained, 
first, because thousands of seeds never germinate at all ; and 
secondly, of those which do, a vast number perish because they 
are too poorly nourished, and are soon crowded out of existence, 
to say nothing of the ill-luck of all that fall on stony ground, &c., 
or are devoured by animals. In corroboration of this statement, 
I would refer to my own experiments with small and large 
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seeds selectoJ from average batches of diflcrcnt kinds. They 
proved that the larjjer and better nourislied have a much 
greater facility in starting, and soon crowd upon the rest by 
growing more quickly into larger plants. Conversely, if small 
seeds bo selected for some years, the plants either die out 
altogether by failing to produce seed, or a tiny race of beings 
is for a time maintained. 

Mr. B. J. Galloway has similarly experimented with radish 
seed. Ho finds that large seeds will mature their crop faster 
and more evenly than small seeds ; 8o per cent, of the total 
crop maturing at the same time. Tlie average that can be 
gathered from a crop from small seeds is only 50 per cent. 
In point of repeated crops or successive returns from the same 
ground, large seeds produce five crops, while small seeds pro- 
duce four.^ 

Darwin’s Fundamental Error. — I think it cannot be 
doubted that Darwin was more than injudiciously hampered 
by limiting himself to observations upon domesticated animals 
and plants ; and that, as a consequence, he founded his theory 
of the origin of species by means of natural selection in 
nature on a false analogy, based on the artificial selection of 
cultivated plants and domesticated animals, among which, in- 
deed, Dr, AVeismann says^ that natural selection does not 
occur at all. 

Mr. AVallace drew attention in his original paper on Natural 
Selection to the profound differences that obtain between 
domesticated animals and wild ones, concluding his compari- 
son with the following remarkable words: — “We see, then, 
that no inferences as to varieties in a state of nature can 
be deduced from the observation of those occurring among 
domestic animals. The two are so much opposed to each other 

* New Sciciice Review, No. 2. vol. j, p. 230. 

® Essays on Heredity, Ac., 1889 (On Pai>mixia), p. 90. 
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in every circumstance of their existence, that wliat applies to 
the one is almost sure not to apply to the other.” ^ 

Mr. Wallace was not alone in this opinion, for M. Pouchet 
insisted that variation under domestication throws no light 
upon the natural modification of species. Mr. Darwin says 
that he “ cannot perceive the force of his arguments, or, to 
speak more accurately, of his assertions to this effect.” ^ 

This divergence of opinion from Darwin has not, I think, 
been hitherto sufficiently noticed or emphasised.^ Neverthe- 
less, Mr. Wallace still advocates Darwinism, i.c., he believes 
in the origin of species by means of natural selection acting 
on hypothetical variations of structure, which arc erroneously 
supposed to occur indefinitely in nature, though he may differ 
from Darwin as to the amount of support cultivation may 
furnish to the theory. 

Curiously enough, as it seems, at least to me, to bo the case, 
it is under cultivation that the very conditions supposed to be 
necessary for natural selection are best furnished : for the two 
chief requirements, or at least the best for natural selection, 
according to Darwin, are a number of individuals of the very 
same kind, and all of them growing thickly together.^ 

Now cultivation would seem to illustrate this remarkably 
well j for a farmer, for example, in raising a crop, first cleans 

^ /oum. Linn. Soe., 1858, p. 61. 

* Introduction to Animals and Plants under Domestication, vol, i, 
note, p. 2. 

* It is alluded to by Sir J. D. Hooker. Introd. Essay to the Flora of 
Tasmania, p. vii., note. 

* This was the condition supplied by Darwin in his experiments described 
in “ The Cross and Self-Fertilisation of Plants,” and it is almost the only 
kind of struggle he will admit, as far as the origin of species is coucerued. 
He does not seem to provide for plants growing in an uncongenial physical 
environment, but not necessarily crowded, as in the ‘ ‘ wadys ” or dry water- 
channels of the deserts, to which reference will hereafter be made. 
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tlic seed so lus to •'et an iiinnixed quantity of the same sort. 
A certain space of ground is j>repared and sown w'ith tlie one 
kiiul alone. They come up more or less thickly, their roots 
intertwining within the same limited area, as, e.y., in a field of 
clover, so that they are practically struggling for existence 
together. Hence these artificial conditions are just those 
whicli are suj)posed to he most favourahle for the action of 
natural .selection. 

Indeed, Darwin has describeil an interesting case which 
occurred indiis own garden. He grew some beds of Mimul2is 
luteus for seven generations. In the fourtli self-fertilised 
generation a white variety arose which was highly self-fertile, 
and so numerous in its oflsjn-ing that it completely excluded 
the parental form, to such an extent as to render the experi- 
ments no longer really trustworthy.^ 

The fact is, that the artificially prepared medium of a garden 
or a field is only one out of a multitude of environments ; and 
when seeds are sown in a garden, or wild jilants transferred 
to it, they at first respond to their new surroundings in a 
perfectly definite and analogous way to their behaviour in 
water, deserts, arctic and alpine regions, or any other kind of 
district in nature. It is only after p^rolomjed cultivation^ as a 
rule, that iwlefinite variations follow. 

Let us now pass on to the case in wliich plants are not 
crowcled, but grow in an uncongenial environment in nature. 
This is a condition which Darwin, as I have observed, has not 
sufficiently considered. He bases his theory of Natural Selec- 
tion on the strugfjle between living organisms^ and to a much 
less degree on the environment. My contention is, that pre- 
cisely the reverse really obtains ;'‘vthat morphological adapta- 
tions arise, and. are maintained — i^t in consequence of any 


* Cro8S and Self-Fertilisation of 
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struggle with other living beings of the same or of difl’ercnt 
species — but solely through the direct action of the new en- 
vironment. The following are Darwin’s words: — “If a num- 
ber of species, after having long competed with each other in 
their old home, were to migrate in a body into a now and 
afterwards isolated country, they would he little liable to modifi- 
cation; for neither migration nor isolation in themselves effect 
anything. These principles [sic] come into play only by hi-ing- 
\ing oj'yaniems into nexo relations with each other y and in a lesser 
degree with the surrounding physical conditions.*' ^ 

In support of my contention I will take the case of the 
plai^ of the deserts around Cairo. There are plenty of indi- 
vidual^in certain places, but they never grow crowded. They 
only exXt on the dry beds called “ wadys ” or lines of water- 
courses, but they are always dotted about, never forming largo 
masses, not are there any areas containing a mixture of plants, 
as by our own roadsides, «&c. There is absolutely no struggle 
at all Avith each other; but the struggle is all against the 
physical difficulties of soil and climate, and it is intense ; the 
wh<^l 4 structure of their anatomy being in strict adaptation to 
meet the difficulties'of their existence. 

In tliis latter case, therefore, natural selection, according to 
^armn, can have no place at all. 

■ The question, however, resolves itself into this : which pro- 
/ babUity or hypothesis do the facts of the case seem to favour 
/ most, viz., that indefinite variations arise from some assumed 
internal causes, of which variations only those in harmony 
with the environment survive, and are said, therefore, meta- 
phorically, to be selected hy it ; or is it that the external forces 
of the environment excite the variability which is inherent 
in plants, and call into action the responsive power of the 

* Origin of Species, p, 319 (the italics are mine) ; but cf. infra, 
pp. i8-2a 
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protoplasm in the various species of plants, which thus all 
tend to put on the same or similar, or at least adaptive and 
dejinite variations of one sort or anotlier, so that there are no 
indiscriminate and Wiisted variations at all 1 I know an 
abundance of facts which suj)port the latter contention, but 
none whatever in illustration of the former hypothesis.' More- 
over, experimental evidence can in several cases be brought 
to boar to test the former, but no experiment that I can 
conceive can prove the truth of the latter ; simply because it 
is impossible to prove that the hypothetical internal and 
spontaneous causes of variation are not themselves indirectly 
due to this very responsiveness of protoplasm having been pre- 
viously called into aetion by the environment. 

Now, had Darwin noted more widely how rapidly many 
wild plants will change in various ways when placed in new 
conditions, ho could scarcely have failed to see that the in- 
11 uences of a new environment are not merely occasional, ex- 
ceptional, and slight, but that they are of well-nigh universal 
application, and often profoundly modify the histological, and 
thence the morphological, and consequently specific characters 
of plants. 

The Real Limitations op Natural Selection. — What 
natural selection really effects seems to me to be practically 
limited to three things, or even two — the first and third. 

First, the limitation of the number of individuals of one and 
the same individual kind or variety which comes to maturity. 

^ Mn Wallace observes in his paper entitled *‘The Rev. George Henslow 
on Natural Selection/* in Natural S'ciCTtce, September 1894 : — It is of course 
admitted that direct proof of the action of Natural Selection is at present 
wanting.** In my Reply ** (A'a<i/r<z/ Science^ October 1894) I asked: — 

If it exist, why is it still wanting? Has not one of the many biologists 
who liave studied nature all over the world during the last fi ve-and-thirty 
years been able to find one single proof 7 



INTRODUCTORY 1 1 

In other words, the majority of offspring always i^crish in infancy. 
This I would call “ Constitutional” selection.^ 

Secondly, the “ delimitation ” ^ of varieties and species, t.e., 
when intennediate fonns die out and varietal and specific 
forms become isolated The reason why any parental type- 
form disappears, or, to speak more accurately, is not reproduced, 
when varieties arise, as on “ the confines of the gcogi-aphical 
area which a species inhabits, where the best-marked varieties 
occur, ” * is because the new environment compels all the off- 
spring to change in adaptation to itself ; or, as Darwin expresses 
it, “ All or nearly all the individuals arc modified in the 
same manner. A new sub-variety would be produced without 
the aid of Natural Selection.”^ Allowing for “survivals,” 
the type-form is, therefore, no longer produced, as its offspring 
are continually advancing year after year, until a fresh perfect 
“equilibria!” adaptation to the new environment has been 
secured. Hence no more individuals of the older type or of 
the incipient varieties (t.e., intermediate forms of various 
degrees) are produced. The last and most perfectly adapted 
variety having become stable, is then, as a rule, the only one 
which survives and maintains its morphological characters by 
heredity. 

Thirdly, there is the distribution of species in consequence 

« 

* Darwia frequently alludes to the importance of the “ constitution “ 
of plants as an element in their selection. See “ Origin,” &c., 6th cd., pp. 
7 » 9 » 73 » 

^ This is the function of Natural Selection which Sir J. D. Hooker 
recognises. His words are : — ‘‘Of these speculations by far the most im- 
portant and philosophical is that of the delimitation of species by natural 
selection, for which we are indebted to two wholly independent and 
original thinkers, Mr. Darwin and Mr. Wallace ” (/o«m. Linn. Soc. Zool., 
vol. iii. p. 45). Introductory Essay to the Flora of Tasmania, p. xi. 

* Hooker, op. cit., p. v, 

* Animals and Plants under Domestication, vol. ii. p. 271. 
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of some ilying out from local causes, wliilo others survive 
them ill any given area or jieriocl. Similarly of any new 
arrivals, while some can establish tliemselves, others may fail 
to do so. Such might be called the “Distributional” selec- 
tion of “survivals,” 

This form of natural selection finds illustrations everywhere ; 
though one cannot always say why any particular species is 
abundant in one place and not in another. As an example, 
tlio following notes have been supplied to me by Kcv. Went- 
worth Webster from the South of France. lie writes: — “I 
cannot at all make out the differentia of soil and position which 
determine the very restricted and sporadic (so to say) liabitat 
of tlio Daphne round Biarritz and in tlie Bidasoa valley, nor 
why the Anemone /td-jens grows in some spots and not in 
others. I believe that I know the general conditions in which 
one may expect to find it, and where it is found if anywhere ; 
but I cannot explain its absence when all the requisite conditions 
appear continually : but this anemone is sporadic only. The 
Gromwell clings along the coast, and I know almost to a yard 
where it ends on the red sandstone at an elevation of some 
400 metres in this direction ; but soil and geological formation 
within those limits of its habitat seem to have [no?] elfect 
on it The Narcissi are still more baffling ; nor can I see 
that either size or colour depend on elevation. The Hepaiica 
stops at the limit of the tidal wave, and is almost, as far as 
I can see, confined to calcareous formations.” ^ 

^ Kor further diHCussiona on thia subject the reader may be referred to 
/nfluence chimique du Sol sur la Vi<jilaiion dts Sommets des Alpes^ par M. 
J. Vallot ; BnlL dc la Soe, Hot. de 33, 1886, p. 25. Quclquct Oh^ervaiiom 
HUT Ics JtiUUwns itUre la DislHl/utioti dc$ Phantroyames et la Nature 
chtmique du Sol^ par M. G. Bonnier ; Bull, dc la Soc. Dot. dc Pr.^ 1879, 
26, p. 338. Anti Qucltiucc MoU sur Ics Causes de la Localisation dcs Bspiccs 
d^uue lityion. par M* Hattandier ; liulL dc la Soc. Bot, dc Pr,^ 1886) 33, 
p. 189* 
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Representative Plants and tbeir Origin. — A special fea- 
ture in the distribution of plants over the world is what has 
been called “representative forms.” In allusion to tliesc, 
systematic and descriptive botanists make use of such terms as 
“ ericaceous,” “cactaceous,” “junceous,” &c., or else adopt the 
termination “ oidal ” (like to), as “ euphorbioidal,” “ muscoulal,” 
&c., to distinguish the “facies” of certain groups of plants, 
not necessarily belonging to the same genus or even order, 
which suggests the use of the above and similar terms. More- 
over, these terms have often a geographical signification, and 
various groups are recognisable as characteristic of definite 
areas, such as deserts, marshes, arctic and alpine regions, &c. 

Now it has been recognised by authors, as, Planchon,' 
that there exists a connection between the exterior resemblance 
of many plants and the character of the region where they 
grow: in other words, that the identity in character of ^ the 
localities and their climates determines a certain conformity of 
habit and facies. 

Similarly, Linnaeus had said in 1763:* — “Primo intuiter 
distinguit saepius exercitatus botannicus plantas Africae, Asi©, 
Americ®, Alpiumque, sed non facile diceret ipse, ex qua nota 
nescio qu» facies torva, sicca, obscura, Afris qu® superba, 
exaltata Asiaticis ; qu® l®ta, glabra Americanis ; qu» coarctata, 
indurata, Alpinis.” 

When one critically examines the plants possessing the same 
facies, one finds that it obviously lies in their outward morpho- 
logy, which is, however, of course correlated with the histo- 
logical characters of their vegetative system ; the reproductive 
organs retaining their generic or other characters, by wliich 
their classification is recognised. As well-pronounced examples 

‘ Bca LimUcs de la Concordance entre Ut Formes, la Structure, les 
AffiniUs des Plantes ct Uttrs ProprUUs mididnaZes, Montpellier, 1851. 

* Philos. Bot,, 122 (edit, Vienn. Aust. 1763). 
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of rcpresentativG plants may be mentioned the flcsliy-stcmmed 
Euphorbias and Stapelias, which simulate members of the Cac- 
tacere ; similarly the thick-leaved Aloes of Africa resemble the 
Agaves of America, while Alpine Veronicas of New Zealand 
mimic Thujas, and even Lycopodium. 

Again, the spincscent features of many species are charac* 
teristic of dry desert regions. Of these, certain species in one 
country are represented by other species elsewhere, as in the 
deserts of North and South Africa, and in Afghanistan, &c. 

Conversely, if we select districts of an opposite character, 
namely, swampy places, we find the *‘junceous” typo often 
occurring, being represented by plants having the blade of the 
leaf greatly reduced, as in (Enanthe fistnlosay which has its 
petiole swollen and hollow like those of some rushes. 

Representative plants may therefore be regarded as being 
such as resemble one another in having similar vegetative 
structures and habits, correlated with similar external physical 
conditions. 

Plants may also resemble one another without being repre- 
sentative. This has often been observed of many parasites in 
which all green foliage is wanting ; a degeneracy of the tissues, 
and often of the reproductive organs as well, being character- 
istic features. Again, in insectivorous plants there are certain 
peculiarities which they have in common. The stems of woody 
climbers have been recognised as possessing certain similar 
anomalies, &c. 

Now the question arises, what has caused these features 
which thus give rise to peculiar facies and similar structures 
respectively ? The answer I propose to give is, that they are 
due to tJie responsive power of protoplasm^ whicliy under the 
influences of the external forces of the environment, builds up 
just these tissues which are the best fitted to be in harmony with 
the environment in question. This at once accounts for the 
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same features appearing in so many different plants, and in a 
great number of places on the globe ; for protoplasm of one 
and the same kind is the common property of all. 

The argument in support of this contention is twofold. 

First, that a distinct cause ^ and effect lie between the en- 
vironment and the adaptation is a generalisation based upon a 
vast number of coincidences in each case. This is the well- 
known argument of “ accumulated probabilities,” which, when 
they reach the high proportion which nature affords in the 
present case, amount to a “moral conviction” equivalent to a 
“ demonstration.” 

Secondly, the additional proof is, with rare exceptions, forth- 
coming, viz., “the verification by experiment” Beyond these 
two kinds of proof nothing more is required. 

The Writer’s and Darwin’s View Contrasted. — It will not 
be amiss to state at this point concisely how this line of 
argument differs from Darwin’s. The three factors of the 
problem are, first, heredity and atavism, or the tendency to 
reproduce the features of the parental or ancestral types in 
the offspring ; secondly, variability, or the power of changing 
structures and thirdly, the environment, o» the external con- 
ditions of existence. Darwin recognised the fact that besides 
the obvious “ tendency ” to reproduce the parent type (heredity), 

^ It may be worth while adding here that vcr(e causcc are themselves 
unknown and unknowable, because we do not understand the nature of 
life, nor can we give any explanation of the “ how ” and the “ why ” its 
concrete representative, “protoplasm,” acts as it does. As there U no 
use in attempting to explain bow protoplasm can build up any organism, 
animal or vegetable, from the egg to the adult state, so is it equally use- 
less to look for the rera eatwa of its building up one slightly different 
from the parent, when the seed grows under new environmental condi- 
tions. “Self-adaptation,” therefore, must not be regarded as “a cause,” 
but only a term descriptive of the objective visible process of change 
,which experiments offer for our study. 
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ihoie \va.s, iiwlcr siunulutiuji, an equally obvious “teiuleiicy ” to 
vary ; ^ and, as Professor Huxley writes, “ Darwin has shown 
that — given variation [variability ?] and given change of condi- 
tions — the inevitable result is the exorcise of such an influence 
upon organisms that one is helped and another impeded [1] 
one tends to predominate and another to disappear;”^ so that 
“ when a variety has arisen, the conditions of existence are 
such as to exercise an influence which is exactly comparable to 
that of artificial selection.”® 

It is here assumed by Professor Huxley that of the varia- 
tions, which are supposed to arise mainly spontaneously or 
“ accidentiilly,” some only are useful, t.e., adaptive ; so that 
for teleology “Darwin substitutes,” says Professor Huxley, 
“ the conception of something which may fairly be termed a 
method of trial and error. Organisms vary incessantly; of 
these variations the few meet with surromiding conditions 
which suit them and thrive, the many are unsuited and become 
extinguished.” 

There are fundamental objections to the liypothesis as thus 
stated. 

First, variations do not arise accidentally or spontaneously in 
nature, as long as the same environment is maintained ; but 
since they do arise when it is changed, it is at least d priori 
probable that the latter first induces the right variation to 
appear. Secondly, tliere is not a strong d priin'i probability 
that nature, who made no mistakes nor adopted any “ trial and 
error” system in the inorganic world — as in establishing the 
laws of gravity, light, heat, electricity, &c., and in those of the 
formation of crystals, chemical combinations, &c. — should be 

» Professor Huxley describes this tendency in “ Uarwini.'ina ” as “ being 
incessant ” (p. 84), but " occasionally ” (p. 452)- 

* Darwiniaua, p. 103. 

* Op. cU., p. 433 - 
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SO often at fault, and to such an overwliclming extent as the 
theory requires, in evolving living organisms. 

Instead, therefore, of assuming the birth and immediate 
death of infinite failures in the organic world — of which, too, 
he it observed, there is no adequate evidence forthcoming— is 
it not a much more feasible hypothesis that adaptive variations 
never arise until and unless they are wanted, wliile badly 
adapted ones never arise at all except as occasional “ mon- 
strosities,” which no one would classify as “ varieties in 
nature 1 

There would seem to be some confusion between the terms 
“ variabdity,” r.e., a capacity for varying, and a “tendency” 
to vary. The former is an obvious fact; the latter is dis- 
putable. It is worth wliile considering this a little more in 
detail. 

Recognising variability as an iuhereut property of plants, 
since it is obvious that they can and do vary, any innate 
tendency to vary may be questioned, as is, indeed, by Darwin, 
who says “ Some authors . . . look at variability as a neces- 
sary contingent on reproduction, and as much an aboriginal law 
as growth or inheritance ” J . . . “but falsely, as I believe ”2 
Thus, some arctic plants (as Dr. Weismann points out) do not 
seem to have varied since the glacial epoch; and as Sir J D 


^ AnimalB and Plants under Domestication, ii. p. 250. Darwin hero 
c mly means by “variability” an inhernt to Lv ^ 

^U Umes. But as I understand the passage, he Zlly agZ'es a wLe 
Wth my contention, which I may express in his own lords, which follow 
the above quotation :-“But we must. I think take e L- Z 

wncl^^e that organic beings, subjected duHng several genel^^lZto 


B 
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] looker observed: “Some species rem;iin so long hereditarily 
iiunuitnble as to give rise to the doctrine that all are so 
normally,” vVc.i This, however, is not the same thing as a 
capacity /hr I'ai'yimj, implied by the word “ variability while 
tliis power to vary is not called into action until the necessary 
external conditions are supplied to excite it. 

A Changed Environment the Chief Cause of Variation. 
— According to some followers of Darwin,- new and allied 
varieties only arise among the oilspring of the parent types ; 
or, in other words, they do not arise in “ disbxnt areas, far 
from that occupied by the type. This, however, is opposed to 
I)arwin’s own view, and does not agree with that of Sir J. D. 
Hooker, than whom there is no more competent judge. 

As this is an important matter from the point of view of 
the origin of species taken by the present writer, it will be 
as well to (jiiote some few of Darwin’s observations. In his 
chapter on “ Variation ” » he says : — “ Among animals which 
unite for each birth, and arc highly locomotive, doubtful forms, 
ranked by one zoologist as a species, and by another as a 
variety, can r.arcdv be found within the same country, but arc 
common in separate areas. . . . Local forms arc moderately 
constant and distinct in each separate island ” [of the Malayan 
Archipelago]. 

In the following sentence, also, Darwin attributes the origin 
of varieties to difierent environments, for lie says : •* — “ Alphonse 
de Camlolle and others have shown that plants which have 
very wide ranges generally present varieties; and this might 

* Introductory Essay, Flora of Tasmania, p. viii. 

2 The late Professor Romanes niaintained this in his correspondence 
with me. 

^ Origin of Species, p. 37. 

* Ibid., p. 43. See also Wallace, On Natural Selection, “Variation as 
specially influenced by locality,” p. 166. 
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have heen expected, as they are exposed to diverse physical 
conditions. . . . Hence it is the most flourishing, or, as 
they may be called, the dominant species, — tlio>e which range 
widely are the most difl’usod in their own country, and are 
the most numerous in individuals, — W'hich oftenest produce 
well-marked varieties, or, as I consider them, incipient 
species.” 

In other words, tlicre is this correlation : The greater tlie 
area, with its greater environmental dilferences, so much the 
greater is the number of varieties of a given species. 

But Darwin repeatedly says, only varying the expressions : 
— “Variations of all kinds and degrees are directly or in- 
directly caused by the conditions of life to which each being, 
and more especially its ancestors, have been exposed." ^ So 
also he adds : — “ To put the case under another point of view, 
if it were possible to expose all the individuals of a species 
during many generations to absolutely uniform conditions of 
life, there would be no variability ” [i.e., variations ?].‘- 

FinaUy he writes ; ^ — “ Changed conditions of life are of 
the highest importance in causing variability, both by acting 
directly on the organisation, and indirectly by affecting the 
reproductive system.” * 

These quotations Avill be amply suffleient to show that 
Darwin’s own belief -was that varieties did not, as a rule, arise 
among the offspring of type-species of plants which had grown 
for long periods in a definite area, but that some changes or 
other in the environment most readily acquired in nature by 

* Animals and Plants under Domestication, ii. p. 253 ; e/. pp. 250, 256 

® Op. eit., ii. p. 255. 

* Origin of Species, p. 31. 

•» The reader may also consult the passage “ On the Accumulative Action 

of Changed Conditions of Life.” Animals and Plants under Domestica- 
Itou, li. p. 261. 
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migration was, as a luU*, to Ptiinulate variatulity or the 

ninato (<l<irinai>t) ••ajKi< ity h-r varvin;'. 

'riu‘ iraihr will ol»(‘rv«‘ tiiat in tlieso passa'^es Darwin 
j'lnphasisfs s<-im'what >li<'UL;ly llu- iiuportance of changod 
conditions for tin* pii>du»ti'*n <>f variations; hut in the pas- 
sages .pjotcil ahovr ‘ ami in the following he would seem to 
eh'Vato tlie natuio of thi‘ organism to tlie more important 
]>osition : “ W’e » l«-aily tlial tin* nalnn- of the conditions 

is of >uhordinate im[ioitaneo in comparison with tlie nature 
of the oigani.-m in «K-termining eacli particular form of 
\ ariation. ’ • 

I’l ihaps, aflt-r all, mdther i>ne nor the other can he regarded 
as till' ‘“more important,’ hiit that tin* resjuiiise of the organisui 
is pitM'iscdv cipii\al''nt (it not all at oin-i*, it will he after some 
generation^) to the a<‘tion of the <-onditions. lliis, at least, 
Would I'oiifspond in plants ttp what 1‘iofessor Ilaughton de- 
scrilM-d (if I ii'iiiemhcr riglitly) as tlie result of “the principle 
of least action " in animals : that is to say, the develo])ment 
of oigan, imi'ch s, hones, tVe., is precisely jiroportional to the 
forces <lisj)laved. 

Sir.). D. Hooker, in his “ Introductory Kssay to the IHora of 
Tasmania,'’ devotral an article to “The Ccneral Phenomena of 
^'^ariation in the Vegtduhle Kingdom," and observes: “As 
a general ruli-, tin* hest-markeil varieties occur on the confines 
(d tin* geographical area which a sjiecies inhabits.” 

Again, in speaking of areas characterised by a remarkable 
uniformity in their pha*in)gamic vegetation, he says that this is 
associated with “an absence of those varying conditions which 
we assume to he stimulants to variation in a locality. On 
the other hand, it is in those tracts that have the most broken 
surface, varied composition of rocks, excessive climate (within 


^ SujfrQf p. 9 . 


" Origin of Species, p. 8. 


3 Page V. 
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the limits of vegetable endurance), and abundance of light, 
that the most species arc found.” ^ 

From the preceding quotations it will be gathered tliat both 
these eminent and experienced writers attribute stability of 
form to a permanency of the environmental conditions, and 
variations of form to changed conditions in the surroundings. 

Jly own experience entirely agrees with these observations 
of JIi*. Dar\vin and Sir J. I). Hooker. J have carefully exa- 
mined, e.g.f most of the British species of plants which occur 
in Malta. Not only, as a rule, do they differ in details of 
structure from the English forms, but some have developed 
local varieties which differ even from the prevailing Maltese 

types. Such, however, never occurred intermixed with the 
common forms. 

Thus— to select four examples— Chickweed has four forms : 
(i) with petals considerably exceeding the calyx (known as 
grandijloi'a), this has ten stamens; (2) a variety of this last 
with the petals not exceeding the calyx, also with ten stamens ; 
(3) a similarly small-petaled form, but with tliree stamens 
(exceedingly common in England, but rare in Malta); (4) a 
cleistogamous apetalous form, with (usually) two stamens. 

Ranunculus licterophyllus is a form somewhat like Bmulotii, 
but not growing in saline water; 2 (2) a form of the same type 
but with different-sized leaves, &c. ; (3) two types of the 
“ tnchophyilous ” form. None of these grew intermixed. 
Capsdla Bursa- Pastoris.—ThQ ordinary very common form is 
practically the same as in England, but there is a second with 


^ Page xiv. 

“ ‘‘ ■“ P”"'® ■” rocks. 

erown it in England since May ,894. 

alSLd thrir f T '* 95 ) have completely 

a wedge-shaped at the base with 

I antenor margin, they have become deeply lanciniated or 

palmatiSd, with elongated fiat and Btrap-like segments. ^ 
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LTfoonisli ’’ corvmLs, in r*tnstM|Ucnco <*f tho reduction in size 
of the d'his occurred in one spot only, as far as I 

ol)serv4‘d, tho\ji,di witli many individuals. nannitcHluti Ficana 
is always roprosiuilial Ly tin* form caJihii-joha. 

These few ohscwvations, how(‘ver, an* only sam])les of what 
may he seen in any special “ tlora.” Thus, Sir d. Ih Hooker 
often, after <lescrihin^ some special variety in “ Ihe Students 
liritish Klora,” oives its locality as hein^- “maritime,’' “alpine,” 
“ sandy,” iVc. 

Lastlv, if we take <‘Xtreme cases, the (piestion as to one 
variety issuing from a species in tln^ same cnviroinnent may he 
sliown t<^ he a rr/hirito wf ah^urihnit. 'I hus, if all species of 
Jinmninilu'f ar(‘ dt*scended from some one original type, how 
can the many aquatic forms have arisen hy variation on land, 

or, if it he prehured, virc / 

Aoain, take tl>e shruhhy spinescent species of Convtdrn/us of 
arid districts, ami the climhin;' species of ordinary soils and 
climati‘s — wlcat evidc*ni*e is there* of eitlier form havinji heeii 
evolved from the other undt'r Dig nantG ro7i<l(ti(t7is i7i ndiich it 


fjroir.^ } 

I'he jirecediii'; illustrations arc ample, to estahlish the lielief 
that it is a n<*w (*nvir(*nment which excites the variahility into 
action. The plant, having an inherent c«ymc/7// for varying, 
hut no inheremt fruilenrij to do so sjK>ntaneously, rc'sponds to 
the external forces, so that its protoplasm huilds uj> jnst 
those tissues whicli now place* the )>lant and its olfspring 
in a })etter degree of adaptation to their surroundings than 
they wore in heft)re. This process at once does away with 
indelinite, as well as all hypotlietical ami hadly adapted varia- 
tions. 

Various authors liave speculatc)«l as to the nature of pro- 
toplasm, proposing to clistingciish under that term more than 
kind of “ plasm ” involved in it. It would be quite 


one 
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beyond my province to describe tliosc tlieories, as they are 
purely speculative. I therefore prefer to regard the active 
agent in plants as “ protoplasm,” ami to wait until something 
more definite can be proved to exist as to any differential 
characters it may possess, whether of matter or energy.* 

The Ultimate Process of Variatiox Ixscuutarlr. — It 
must not be forgotten, liowever, that we can never reacli the 
ultimate elements of the problem. TIic nature and mode of 
action of life are inscrutable. The (juc.stion which lies at 
the bottom of all changes is one whicli Mr. Croll asked:- 
“What (^eterminrs molecular motion?” He observed that 
although physical forces arc not only interchangeable, hut can 
pass into those which, for want of a better expression, lie 
would call “vital energies;” yet, as he says, notliing we know 
of in the properties of physical forces can throw tlic smallest 
degree of light upon the above (picstion. Tliere is always, he 
adds, the “object” which runs tlirough the whole of organised 
nature; wliich cannot be accounted for by means of the 

known properties of physical forces. In concluding his i)aper 
he says : — 

“If one plant or animal differs from another, or the parent 
from the child, it is because in the building up process the 
determinations of molecular motion were different in the two 
cases ; and the true and fundamental ground of the difference 
must be sought for in the cause ^ of the determination of 
molecular motion. Here, in this region, the doctrine of 
natural selection and the struggle for existence can alford no 


1 Fora refutation of Dr. Weismann’s theory of “ Germplasm,” as far as 
plante are concerned, the re.ider is referred to Natural Science, vol. 1. 

Fundamental Problem of 

® It IS this “cause ” which I regard as the t'<ra causa of all structure. 
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nu)rr liLiltl on llir iniittiT tlian the fortviitnus concourse of 
atom' an4 tlic atomi'-al pliilosopliy of the am icnU/' 

riiis MhMT\'ation s(‘cms to ai^n-c witli tin* lullowino remark 
of Sir .1. 1 >. Hooker on the orijjin of the .secretory j'lamls of 
jyr/»iifJtr.<: — 'J'hc siihsiMjiH-nt ililVerentatioii of tlie secretory 
organs of the jiitilier into aejneous, saccliarine, atnl acitl would 
follow /uiri with the (‘volutioji of tin* ]tit<'her itself, ac- 

conliii" to those niv>t<‘rious laws whi<’h result in the correlation 
of oru'aiis ami functions throuoliout tin* kino^loins of Nature: 
which, in my apprehension, transceml in wonder and interest 
those of evolution ami the orioin of species.’’ ' 

It is till* source of that “ol)j(‘ct ’ of which Mr. Croll speaks, 
or ‘‘purpose,’ as I)arwin <‘alh“<l it, or “design,” as it used 
to he .styled hy the older t<*leol<*j;ists, which has hatlled all 
j)hilosophci s. It was an (“asy answer to say that the (ireat 
Artificer dcsi; 4 nctl and then cri‘at<‘d them hy ix jiat. Involution, 
however, came to the fore and thrust all antc*cetlcnt design-s 
aside. Hut Involution, after all, has only chanu'c*! tlio sup])Osed 
method of working; it cannot account for the “ object, ’ nor 
for its origin. Mr. CroU’s .picslion is still unanswered. Culti- 
vation an<l experiment ch'arly prove that plants arc /elastic, and 
that they can respond to a changed environment ; but Iiow 
they can gradually jail on structures which, when completed, 
look (!■'! if thcif lid'f hfioi is a (picstion whicli is as 

incapable of being answered as the form in which the same 
j.rohlem is asked hy Mr. Croll. One thing, liowever, comes 
out clearly from the various .statements 1 have gathered to- 
gethei from many <d).server.s, as well as from their ami my 
own 4‘Xpcriments, namely, that the very outcome of the direct 
action of the environment is alicaijs the aggregation of the best 
po.ssibIe .structures (as far as one can judge) under the circum- 

1 AU.lress to tint Dopartinont of Zoology and Botany of the British 
Association, lielfast, 1874. 


INTRODUCTORY 



stances, m order to enable the plant to meet the conditions of 

the environment. Thus the “design » which niigl.t be tliought 

to he seen in the forms and colours of flowers, I take to be 

only the natural and inevitable outcome of the actual visits of 
insects themselves. 

Kothing ever occurs aniicipafortf of an actu.al adai)ta- 

tion. This was the fundamental error of teleology, and it still 

lurks beneatli any theory of natural selection which requires 

(mticipatory favourable variations whereon it may act. Tlic 

difficulty in accounting for them is not removed if it be 

thought that such favourable variations arise “fortuitously,” 

or without any connection witli the new environmental 
forces. 


Supposed Limits of Variation.— That the origin of some 
de^ee of variation is to be attributed to adaptation in response 
to the external surroundings of a being is probably admitted 
y a evolutionists ; but such variations are not regarded bv 
many as capable of giving rise to characters which can 

rncTto ^ '■d"''! import. 

‘ i'ypothetical and internal 

^uses, which are assumed to exist, in order to give rise to 

more pronounced variations; out of the number of which 

natural selection is said to preserve only such as may prove 

for tL ev <=h“m<=tors 

tor the evolution of a new species 

onic adaptations being continually added as plants realpt 

•ucKu^cn fiier Variation, von H. HoLan.’ p i' 
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tliom^^clves to new environments, tlius giving rise lo new 
varieties, sjieeies, ami genera. 

Sir .1. I>. Hooker makes a somewliat analogous oliscrva- 
tioii ; ^ Plants tliat grow in loealities markeil ky smUlcn 
extremes of lieat ami coM are always very variable in stature, 
hal.it, ami foliage. In a state of nature we say the i-lants 
aceommoilate themselves to these changes, ami so they tlo 
within certain limits ; hut for one that survives i.f all the .seed 
which g<'rminate in these inhospitahle localities, thousands die. 

Sir .1. I). Hooker uses the expression '* within certain limits,” 
hut does not say they are nor iHnj the thousands of seed- 

lings die. 

The answer to the last statement 1 have already given. 
With regard to the former, 1 wouM venture to de.scrihe tho.se 
“ limits ” as follows, hy saying that the limits of variation in 
those plants which .-^ricceed in adai.ting themselves to a new 
environment correspond with the necessary amount of change 
ri-<piired, and agree with those recogni.sed hy systematic hota- 
ni.sts as varieties, and ultimately species, accoiding to the 
amount of variation necessary to put them into etpulibrium 

with their new surroundings. 

In a word, the adaptive variability of plants is itself actually 
the origin and regulator of all varietal and specific characters, 
as far .as they are dedm-ihle from their vegetative system ; just 
as I have elsewhere shown that the same power is the origin of 
varietal and specific characters in the reproductive organs of 

plants. 

Definite Vaiuation, a Xatuuat. Law.— Darwin purposely 
limitcl liis r,b?orviitions to animals and plants under domesti- 
cation, as lie says: “It tvould be travelling beyond my 

‘ Himalayan Journals. See also Introduction to the Flora of Tasmania, 
P* 

^ Animals ami Plants under Domestication, ii. p. 26 i. 
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proper limits here to discuss how far organic beings in a state 
of nature are definitely modified by changed conditions.” He 
then further observes : — (1) “// is most dijtii'ult to distinguish 
between the definite results of cliangeil comlitions and tlic ac- 
cumulation through natural selection of serviceable variations 
(2) which have arisen indcpendentl tj of the 7 iaturc of the con- 
ditions. If, for instance, a plant had to be modified so as to 
become fitted to inhabit a humid instead of an arid station, (3) 
we have no reason to helieve that variations of the rhjht kind 
would occur 7 nore frequently if the parent plant inhabited a 
station a little more humid than usued.^ Whether the station 
was unusually dry or humid, (4) variations culupting the plant 
in a slight degree for directly opposite habits of life would 
occasionally arise ’* - 

On this somewhat crucial passage I would offer the follow- 
ing remarks upon the sentences numbered and indicated by 
italics, (i) The “difficulty” Jlr. Darwin felt lies in the fact 
that while, on the one hand, “ the definite results of changed 
conditions” can be seen and verified by experiments, (as, e.g.^ 
by growing spinescent plants in a moist atmosphere, when 
they become spineless) ; on the other hand, that an “accumu- 
lation through natural selection of serviceable variations ” ever 
exists at all is an d priori assumption which cannot be verified, 
nor proved to have any concrete existence. I would go further, 
and ask, since the former method is found amply sufficient (as this 
book will prove) to account for variations of all sorts and degrees, 
why is it necessary to assume any other unverifiable process ? 

Moreover, (2) Darwin makes a second assumption that such 
serviceable variations have arisen independently of the nature 
of the conditions. How can this be possibly proved ? Indeed, 

1 But compare this with the quotation {supra, p. 19) from “Animals 
and Plants under Domestication,” ii. p. 253. 

* Animals and Plants under Domestication, ii. p. 290-291. 
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Pr. \Vt*isii)ai>ii r«‘put]iat<‘s all sources of variation other than 
wliat «'xt«Tnal ciMHliti«)ns jxive rise to. 1 lis wonls are : — “We 
ari* (lri\i‘n t'> the ronclu.sion that the ultimate origin of here- 
ditary iiulividiial dillereiices lies in the direct action of external 
% 

inlluetices upon the «»rganism.’' * 

(^) \N’itli rc^ganl to tl»e tliinl pa.ssnge, it seems to me sur- 
prising tliat he .sliould say tins, as it is directly contrary to 
the universal (‘Xperienee of cultivators. The improvements 
are greatm* and more frequent from parenhs which have begun 
to vary tliemselv«‘S from inhabiting the new locality. Ceteris 
parihits, this is equally true for humid stations. ( 4 ) Tlic 
author hen* states his position clearly, and assumes that suit- 
able variations iconhl arise occjisionally. Tliis again is a ])urely 
// priori assumption, for wliich I venture to say there is not a 
shatlow of foundation in nature. For examj>lo, no aquatic phuit 
ever puts forth variations suitable for terrestrial life, unless its 
srnl he sown on laiuly or it be transferred bodily to soil out of 
water. It may then, and often does, grow in adaptation to an 
aerial and terrestrial existence. Nor does a plant either growl- 
ing naturally or cultivated in good soil ever produce by seed 
a plant with the characteristic features of tliose growing in a 
desert, ludess the se&l be sown in the desert ; then the seedlings 
grow uj» into more or less true “desert plants. Jforeover, if 
a plant be transferrccl to a new environment, and it grow’ and 
leave seed, <ill the otfspring feel the same effects of the external 
coiulitions an«l begin to grow in harmony w’ith them. A certain 
proportion only may survive, but ample to carry on the varia- 
tions till a new’ type js established. 

Darwin only professed to draw' his analogies from animals 
and plants under domestication, lie, however, does appeal to 
nature in certain instances; thus he says : — “ Although we are 


* on &c., Eng. trails., p. 279. 
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not here concerned with organic beings in a state of nature, I 
may call attention to one case.” He tlien refers to Mr. Mee- 
han’s account of European trees of v.arious orders which under- 
went changes when grown in America, and adds : — “ Hence 
we are led to infer that tliey have been definitely caused by 
the long-continued action of the different climate of the two 
continents on the trees.” ^ 

Had Darwin not been determined to limit liis observations, 
but liad pursued the subject through nature as he lias done 
under domestication, he would have discovered that this “ one 
case” was but a sample of what is practically a universal rule. 
It is the object of this book to endeavour to fill up this hiatus, 
and thence to draw a conclusion opposite in character to that 
of Darwin ; for having gratuitously restricted himself, he was 
evidently not prepared to foresee how forcible is the argument 
of adaptation derived from plants in a state of nature. 

Darwin in the work referred to then proceeds to say “I 
will give in detail all the facts which I have been able to 
coUect, rendering it probable that climate, food, &c., have 
acted so definitely and powerfully on the organisation of our 
domesticated productions, that they have sufficed to form new 
sub-varieties or races, without the aid of selection by man or 
of natural selection.” The reader must be referred to the 
detailed account in the work itself, 2 but it may be mentioned 
here that he gives seven kinds of flowers, three of variegated 
leaves, about fifteen of vegetable products, four of fruits, three 
of woods, and five of diseases (which of course have nothing 
to do mth the origin of species). Besides the trees described 
by Mr. Meehan, he refers especially to maize, which, wlien 
ransferred from America to Germany, became changed in two 
or three generations. But in truth there are many cases inci- 

> Animals and Plants under Domestication, vol. ii. p. 281. 

* p. 272 »ej. 
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lUntiilly alhulf.l to in his works whicli nii^ht be adilotl, as, 
fnr example, Kuropean sheep when transferred to tropical 
countri.'s, as the Indn-s, tkeir wool, the hair becoming 

silky in three getu*ratit'ns, Ac. 

He observes generally on the above particular instances 
mentioned, that “tin- inodilieations referred to have been 
extremely slight,* and in most c;uscs have been caused, as far 
as we can judge, by e.pially slight changes in the conditions. 

Hut can it he safely maintained that such changed conditions, 
acting during a long series of generations, wouhl not produce 
a marked eilect^ My reply to this ipiestion is that it is pre- 
cisely tlie ease, and that such is the origin of species. 

Till-: Piii-SKST AiiuiMKNT. — 1 Will HOW procecd to explain 
more clearly the line of argument pursued in this hook. The 
argument for the self-adaptation of plants, as a source of specific 
vaHaliun, in response to the direct action of the environment, 
is h;ised on a very large series of facts. These consist, in the 
first place, of innumerahle coincidences derived from the study 
of morphology and anatomy. They amount to so great an 
accumulation of probabilities that the alternative supposition 
is, to mv mind, unthinkable. 

Secondly, it is supported and established by experimental 
eviaence oV verification. Tliou-h the first metl.od of proof is 

1 The word “Blight” here and elsewhere used by Darwin may mislead ; 
f.,r it is a general rule that if the same genus of plants is in .lifferent 
c.uutries, it is represented by tutfilly different species ; as, for e-xainple, the 
Kuphorbias (Spurges) in England and the cactusdike forms in Africa ; and 
if there be the same species growing in wild uncultivated land (and not 
merely a weed of cultivation lately introduced), it is usually a variety, and 
not absolutely identical with that of the other country ; thus a specimen of 
iSolanuin. from the Galapagos Islands in my collection, brought home 

by Darwin, has a very minute flower compared with that of rank-growing 

plants iu Engli.'h wa-.te ground. 

Auiuials and riauU under Domestication, ii. p. 276. 
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really and amply sufficient, in the great majority of cases tlie 
second can be applied as well, and the evidence is comjdete 
and the argument established. 

In the preface I alluded to representative plants in antici- 
pation of my determination to take as illustrations plants of 
deserts and arid districts, aljiine and arctic ])lants, aquatic and 
amphibious plants, maritime and saline plants, climbing plants, 
and in addition some miscellaneous structures. Eacli ami all 
of these will supply series of evidences, so as to say, running 
parallel with one another, and mutually corroborating the proof 
derived from each respectively ; so tliat the argument based 
upon comparative anatomy will be seen to be cumulative. 
Direct experimental verification follows in almost every case. 

The Causes op Variation to be Investigated. The fact 

was, that in arguing on behalf of natural selection, Darwin’s 
attention was not directed to the inquiry into tlie of 

variations, but solely to the selection of some and the destruc- 
tion of other variations, as are supposed to be the best fitted 
to survive or the reverse, respectively. Consequently, while 
natural selection was elevated to a position of importance, tlie 
tracing the actual causes or origins of variations themselves 

was a secondary, or even almost a neglected matter, from his 
point of view. 


Now, however, there is a wide spread belief, both in Europe 
and America, that attention should be directed to this previ 

imr:r -nr.’ 


he“ vs^l“ despondingly on this point, for 

tion ^ “"Sin of species by ovolu 

on IS no longer disputed, nor the operation of natural selec 

g ne^ theory or rationale of variation in either the animoi 
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ufU'ii ri'^ardfil iis iiu'vitalile or even hopeless: variation to 
writers simply ‘spontaneous’ or ‘ acciilonhil ; 

to otliers, if not fortuitous, at least ilepeiulent uiion causes 
lying as yet wliolly, amt perhaps hopelessly, heyond our present 
powtTs of analysis.” * 

Similarlv the late I’rofessor Kt)inai»es wrote so late as 1892 : 

“I'lie degri-e in which variability is indelinite, or on the 

contrary determinate, is a (piestion which is not yet rij'e for 
tiecision, nor eviui, iti my i>pinion, for discussion. 

If, however, it can be shown that varietal and sjiecific 
characters are really attributal to the direct action of the 
environment, ihm, and not till then, may the further question 
arise, viz., how far is natural selection recpiired to preserve the 
best, or, to speak more accurately, to destroy the worst? The 
conclusion, which appears to me to be ineviUible from observa- 
tions spreading over a very large class of facts, is, that plants do 
undoubteiUy e.Kercise this power of self adaptation, and that 
characters thus acquired become in time hereditary, if the 
conditions of the environment be constant. 

I would describe the i)roccss, therefore, once more as the 
result of the responsive power of protoplasm on the one hand, 
and the forces of the external environment on tlie other. 
Tliese two factors I take to be amply suflicient for the whole 
of the evolution of plant structures, without any aid from 
natural selection whatever. 


» On the Nature and Causes of Variation in Plants, Trans. Bot. Soe. 
ICdin., xvi, p. 416. 

- Darwin and after Darwin, p. 336, note. 



CHAPTER II 


ORIGIN OF THE MORPHOLOGICAL PECULIARITIES 

OF DESERT PLANTS ' 

Introductory Observations. — The general facies of the 
lora of a country with a relatively dry soil and atmosphere 
s very observable ; and when it is found to be the same 
XL widely separated countries, as in the desert regions of 
North Africa, in the arid districts of North-West India and 
>f Afghanistan, in parts of Australia, in South Africa, in 
Brazil, 2 &c., so that these several countries afford either the 

* This and the following chapter have been published in the Journ. 
Lin, Soe. Bot., vol. xxx. p. 218, 1894. 

• * For an interesting description of the plants growing in a coinpara- 
bively dry region of Brazil, but of a somewhat less intensity than that 
of the African deserts, the reader is referred to the paper by M. Eng. 
Warming referred to above (p. 2). Many peculiarities mentioned by that 
author correspond more or less exactly with those I have described in this 
chapter. Grisebach also compares the South African region (Kalahari) 
with the Soudan : — 

‘•Les autres formes v^gdtales sent les mcmes qu’on retrouve dans 
d’autres steppes ct ddserts, ou bien elles signalent I'intime affinitd du 
Kalahari et du Soudan. A la premiere cat^gorie appartiennent les 
plantes grasses {BuphorbUiy Muembrianlhemum)^ les v^g^taux bulbeux qui 
ouvrent rapidement leurs fleurs apr&s les urages d’dtd (ex. Amaryllis) ; 
parml les arbustes, les formes de Spartium (ex. Lebeckia), de I’Oldandre 
(par Pentremise d’une Rubiac4e, le Fan^uerto) et du Myrte (par une 
Eb^nacee, I’Euelea) *, enfin, les arbustes h feuilles velues, particuli5rement 
frequents dans la savaue (Tarehonanthus).” — V^^aiion du QlohSy vol. )i. 

p. 255-256. 
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saino Dr “ roprcsfnt-'itivc ” plaiitij, ono infers (lint of course- 
at first inerriy on ii jn'iori •^rouiuls) that most |)rohahI\;« 
similar causes have j»ro«luce<l tliese similar results. A clositj-'; 
inspection sliows that the similarities in the vegetative systeu; 
of sueli plants, which oft<‘n liavc no alHnity hetween tlien^.^ 
wliatever, can he carried ilown into tlie minutest details ol'; 
histological structure, ami that a large proportion of suc^» 
structures at least are always scrvieeahle to tlie plants in resist, 
ing tlie deteriorating etlects of an insulheient s\ip[)ly of water. 
:us well as of an excess of radiation, and other hindrances U 
such vigorous growth as is maintained in moister clime.s. 

We thus begin to suspect, indeed very strongly, lhat tli 
various peculiarities (such, e.y., as tlie densely hii'sutc clothin‘j. 
and the consolidation of the mechanical tissues) are the direct 
results of the dry climatic conditions surrounding the plants! 
and that the unfavoumble environment actually brings aboul ^ 
the production of just those kinds of structure which are hetl' ' 
able to resist the injurious ellects of the climate, and so enable: 
the plant to survive under them. Such, at least, is the result! 
of my own observations on the plants of the Kgyptian deserts. 

The distribution of similar forms of plants under similar;, 
conditions illustrates another fact. We speak of “chalk-^:’ 
loving,” “ sanddoving,” and other kinds of plants frequenting'’ 
special environments ; but these phrases seem to be to a greatV 
extent misnomers. Plants by no means all or always “ love 
the soils alluded to, in which they are often found. ISIan; 
flourish (juitc as well, if not better, in a totally different soil 
Having, however, been located in them for many generations 
they have become so adapted to the peculiar conditions o 
the soil and climate, ht/ wisuming such stmetures as are th 
lest uiuler the circumstances^ that they now succeed in them 
but at the same time many are always tacitly protesting, s 
to say, against their environment, for they at once show ho\ 


* 




MORPHOLOGICAL PECULIARITIES OF DESERT PLANTS 35 

much more vigorous they can become when they are grown 
in a different and more congenial soil.* 

Similarly we might just as well speak of desert-loving plants, 
wrresponding to the term “ Xerophile ; ” but we know what an 
intense struggle for existence they have to maintain. Never- 
theless they have become so attuned to their difficulties, that 
when seeds of desert plants are sown in ordinary garden soil 
they almost invariably fail to grow at all; 2 just as, while 
some water-plants grow more vigorously on land, others cannot 
now live if exposed to the air. Or again, with regard to many 
maritime plants, they will grow just as well, if not better, 
away from the sea, either by altering their structures, as Sam- 
phire does, by developing flat and thin leaves ; or else they 
may retain their usual features, this being due to heredity. 
Thus SaJsola Kali, the Prickly Glasswort of our sandy sea- 
shores, has become one of the worst weeds ever introduced into 
^encan wheatrfields. One year’s damage in Dakota alone 
IS estimated at 2.000,000 dollars. It is described as taking 
complete possession of the soil, whilst its spiny nature makes 
It objectionable to horses and other animals.^ In this case the 
plant has not lost its spines by growing in a richer soil, and 
lUustrates the fact that hereditary influences often, if not 
always, tend more or less to resist the effects of a changed en- 
vironment: and just as new adaptations can easUy become 
fixed in some ^es, but with great difficulty in others, as in 
cultivatmg wild plants; so, conversely, while some features 

zi tzrAi V"- 

£ ;= r — - ~- 

Parrnet^g BtdUtin, No. 10, 1893. 
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arc instantly lost, others are as rigidly retained, though it may 
be in a modified form. What, however, may be called the 
general “ plasticity ” of plants is now so well recognised, that 
it affords us perfectly adequate means in accounting for the 
self-adaptation of plants, although it is far from being neces- 
sarily applicable in every feature. 

I will now give some special characteristic features of desert 
plants, and then compare them with others growing in arid dis- 
tricts, to show the more or less great similarity which prevails. 

General Morphological Characters.* — On first entering 
the desert near Cairo, where plants are to be found, namely, 
along the lines of water-courses, which are dry all the year 
round excepting in February and March — for no plants occur 
on the higher ground at all— the general appearance is of low 
bushes or isolated tufts of a nearly uniform grey colour. The 
plants are never crowded or cover the ground like an English 
roadside. In other words, they do not struggle for an existence 
with one another, but only with their inhospitable inorganic 
environment.^ The grey colour is mainly due to intense hairi- 

* The best work I am acquainted with on the structure of desert plants 
is one by Dr. G. Volkens, entitled Die Flora dcr ^(/yptisch-J rabischen 
Waste auf Oimrulla/je anatoviUck-physioloyischcr Porschungen dargcstelU ; 
and the Epitome, Zur Flora dcr /Egyplisch-Arahisehen Wiiste, eine vorlau- 
fige Skizze. He gives eighteen plates (4to) illustrative of the anatomy of 
a well-selected series of types. I have fortunately been able to collect a 
large number of the same plants myself in the deserts around Cairo ; and 
for nearly all the rest I am greatly indebted to the kindness of Professor 
E. Sickeuberger, of the School of Medicine, Cairo : so that I have been 
able to examine anatomically nearly the whole series described by Dr. 
Volkens, and thus to supplement his observations in some degree in 
points he has not recorded. I would also refer the reader to the writings 
of M. P. Maury, Assoc. Pran<;. pour V Avancement de Science, Congris de 
Toulouse, 1887, also Morot’s Jout'n. de Hot., ii. 1888, Bev. Bill., p. loi. 

^ Similarly of the desert regions of Beluchistan Dr. Aitchison says : — 
“ The barren character of the country and the want of indigenous trees 
is due to the extreme dryness of the soil and aridity of the atmosphere. . . . 
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ness, wliich subdues the green hue of chlorophyll. A few 
plants only, comparatively speaking, have no hair and arc con- 
sequently greener, as the species of Zifjophylluin^ which are 
fleshy-leaved plants ; but a coating of wax is of frequent occur- 
rence, and this aids in giving a glaucous hue. 

The hair and the wax, as well as the fleshy character of 
the leaves, are all adaptations to arrest the loss of water by 
transpiration during the summer. 

Spinescent CHARACTEns. — The next obvious feature is the 
stunted character of the bushes ; three feet high being about 
the maximum size {Zilla myagroides\ with gnarled stems at 
the base. This is often coupled with a spinescent character, 
either in the branches {Zillxi)^ or foliage {Ecliinop^^ or stipules 
{Fagonia) and bracts {Centaurea). These features are, we may 
say, undoubtedly in the main due to a want of water, * which 
always prevents the formation of cellular tissue, wdiile this 
deficiency of parenchyma is associated with a hardening of 
the fibro-vascular, mechanical elements. The converse condi- 
tions are witnessed, e.g., in a plant of Zilla myagroides, which 


The struggle of plant life for existence is great. The plants which are 
seen to exist through it all are either annuals or those possessing great 
root-stocks, tubers, tuberous roots, rhizomes, bulbs, or other such struc- 
tural developments as assist them to baffle and survive through the ex- 
tremes of temperature.’’—^ Sum^nary of the Botanical Features of the 
^untry traversed by the Afghan Delimitation Commission during iSSa-S?. 
Trans, and Proc. BoL Soc. Edtn., 1889. p. 426. 

* So Mr. Belt in “ The Naturalist in Nicaragua ” says (p. 46) “ This 

spiny character of vegetation seems to be characteristic of dry rocky places 
and tracts of country liable to great drought.” 

Similarly Grisebach, describing the flora of Kalahari, South Africa, and 
alluding to spinescent species of Acacia, says t— 

“ Tous portent des dpines qui, chez A. horrida, ont 5 h 8 centimetres 

^ surfaces 

t H ddv.loppement des organes 

piquants et de la sdcheresse du sol.”— ^ Veg^ du Globe, ii. p, 252. He 

also alludes to similar features of the Tibetan flora (i. pp. 613, 614). 
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was tho only species, out of many, mised from seed in tlie 
r><>tanic Garden of Cairo by Dr. K. Sickenberger. It not only 
bore well-developed leaves, but the spines, though formed 
through tho forces of heredity, were very slender and sub- 
llaccid, instead of being intensely rigid. As an interesting 
illustration of a highly spinescent plant belonging to the 
Cucurhiiacea\ an order in which it would bo least expected, 
is tho Narras plant of Calli-aria {Acanthosicyos horrida). It 
grows on the sandy downs on tho sea-coast. It has no leaves, 
but double spines studded all over the branches, forming 
impenetrable bushes, which spread widely and attain the height 
of a man. It is curious that although the seeds germinate 
readily, all attempts to cultivate it in Europe have failed ; 
just as 1 have failed with many desert plants of Egypt. As 
examples of other remarkable spinescent plants may be men- 
tioned AcijAtylla squarrosa, of the order Umhelli/ei’oij described 
by Sir J. D. Hooker,' and Poterium spinosum in Palestine. 

Tho hardening of the mechanical tissues generally, which so 
often results in special spiny processes, is brought about by 
drought and other conditions of the environment, and is one 
of the best means for resisting the intense heat of the desert. 
M. de Candolle ^ calls attention to this fact ; he says : — “ Very 
hard wood resists heat because it encloses but little aqueous 
Juices, so there is but little to evaporate.’* Similarly he re- 
marks upon the great value of cork for resisting both extreme 
cold as well as extreme dry heat, as there will be a greater 
number of cells in tho layers of cork filled with air, thus 
making bad conductors between the external air and the cam- 
bium layer and alburnum. Thus, old trees resist cold better 
than young ones. On the other hand, endogenous trees, having 
no bark, only grow in warm climates. In some, as the Date, the 

^ Flora of New Zealand, vol. i* p. 87- 
- Essai EUmentaire de Oeoyraphie Botanique. Diet, dez Sci. NaU^ vol* xviii 
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bases of the leaves, especially if they decompose into a hairy 
covering, may supply the place of it. 

The evidence in support of the assertion that spines are the 
direct outcome of the environment also rests upon the well- 
known fact that there are many instances of plants losing their 
spines altogether when grown under other circumstances. Tin's 
variableness in the spinescent character of plants is no new 
observation. Thus G. G. Kuchelbecker, in a Dissertatio Bota- 
nux>-physica de Spinis Plantartn 7 i (a.d. 1756), wrote as fol- 
lows : — “ Sunt autem, quaedam planto, quae eundem semper et 
vbique seruant in extensione superficiei habituin, cum contra 
ea aliae, pro varia soli et culturae indole, formam hanc alias 
sibi propriam deponant, vcl tamen maximam sui partem mutcnt, 
ita vt, quae glabr® antea erant, nunc inaequalitatem magis 
minusue eminentem induant, atque suum plane deposuisse 
videantur habitum superficiei pristinum’* (pp. 9, ro). 

He then refers to Linnaeus’ Philos. Bot.^ p, 215, § 272: 

“Spinosae arbores cultura saepius deponunt spinas in hortis. 
. . . Hirsuties loco et aetate facillime deponitur.” Again, l.c.y 
P- 247, §316: — “Solum mutat plantas, vnde varietates enas- 
cuntur, et, mutato eodem, redeunt. Hinc Acanthi molles et 
aculeati ; Ciiiav<s aculeatae et non aculeatae,” 

Similarly at the present day Peai-s, species of Rose and 

of Prunus, &c., are well known to lose their spines under 
cultivation. 

Grisebach observes generally, with regard to spinescent plants: 

“ Quand on voit que Pextension g^ographique des plantes 
^pmeuscs cst en rapport avec la sdcheresse du climat, ainsi quo 
cela a ^te df^montrd dans une section pr 6 c 6 dente (tom. i. p. 
417). il n’y a plus A se demander si c’est ce fait, ou celui 
adniis par Linn 6 , qui interprfete le mieux la signification de tels 
organes. H est certain que co qui caracterise ^minemment les 
operations de la nature, c’est la tendance k r^aUser simultan^- 
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merit, ii Taiilo ilcs memes moyens, les fins vitales les plus 
diverscs; en sortc que les modifications aussi pen considerables 
que possible apportces au developpcment d’un organe, paraissent 
correspondre tantot plus h un but qu’i\ un autre, selon que I’un 
ou Tautre cst favorise davantagc.”^ 

Ononis spinosa, L., has an excessively spiny variety, horrida, 
growing in maritime sands. It is much less spiny in waste 
]>laces by roadsides, &c., and becomes the variety inennis 
elsewhere. This latter form of the “sub-species” repens can 
bo produced, temporarily at least, at will ; for when the 
ordinary spiny form, O. spinosa, is grown cither in a very rich 
soil, with an abundance of water, or in a moist atmosphere, 
whether the plants be raised from cuttings or seeds, they 
giadually lose their spines. Those first formed under these 
conditions arc much reduced in size and in rigidity. Heredi- 
tiiry influence is too strong to arrest them at first altogether ; 
although none arc jiroduced later on vigorous shoots growing 
in a saturated atmosphere. They reappear as soon as the same 
planU are allowed to grow in the ordinary way. It may be 
added that when the spines are arrested, the peculiar odour of 
rejie^is is present, and the flowers also are larger and are like 

those characteristic of that sub-species.^ 

M. Lothelier^ carried out very similar experiments with 
other spinescent plants. He thus found that by grooving 
Berheris vulgaris in a moist atmosphere, it bore no spinescent 

* La V6g. du GUhe, ii. p. 251-252. 

=* Such were the results of my own experiments in 1891-92. I raised 
plants from the seeds obtained from these plants in 1893, to see if the 
hereditary trait of producing spines becomes less pronounced in successive 
generations. In August the plants had only grown to about five inches 
in height in consequence of the great drought; but up to the date of 
writing this (August 15th) they had developed no spines. 

* Rev. Q6n. de Rot., 1890, p. 276 ; BuU. de la Soc. dc Bol. de Fr., 1890, 
xxxvii. p. 176; Comptes Rcndxii, 1891, cxii. p. iii. 
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leaves, as the parenchyma was well formed between the ribs 
and veins, but in a perfectly arid atmosphere it bore spines only. 
Intensity of light also favoured their production. He found 
from a microscopical examination that in a section of a spine 
exposed to moist air the vessels of the xylem are few in 
number and the pericycle is not lignified. In a dry air the 
xylem forms a continuous ligneous circle and the pericycle is 
also lignified. I have myself repeatedly corroborated this 
observation of the special consolidation of fibrous tissues in 
several instances in different species of desert plants. This 
consolidation of the mechanical elements may he perhaps 
explained ns a secondary result of the relative abundance of 
the assimilative tissues of desert plants ; for although the 
leaves themselves may be very small, their palisade layers arc 
often two, three, or even four in number, and equally developed 
on both sides of the leaf. While there is a great arrest in 
area of the parenchymatous tissue — due to the feeble water- 
supply — the organised products are mainly utilised in the iigni- 
fication of the supportive tissues. 

Conversely, if plants be etiolated by being grown in the 
dark, while the parenchymatous tissues are relatively in excess, 
such as the pith and cortex, M. Rauwenhoff has shown that 
the mechanical tissues are greatly reduced, the assimilative 
tissues being quite incapable of any activity.' 

Another instance is supplied by our common water-reed 
Phragmites communis. This grass is very abundant in the 
Nile Valley, growing in places which are not artificially irri- 
gated. It covers large areas of waste ground outside Cairo, 
forming a stunted growth, the leaves being very short and 
sharp-pointed. It has been named var. isarica. Close to the 
Nile, however, in Rhode Island, it grows nine or ten feet liigb, 

^ atwmuUcs cUs Plantes qui crx>{ssent dans 

I UbtennU. Archives Nicriandaises des Sci, Exac, et Nat., xii. p. 297. 
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witli leaves almost exactly like the plants in Kiiglish 

rivers. In many places the two forms of leaf are on tho same 
stem, sometimes even alternating with each other, suggesting 
tlio idea that tho leaves were elongated, or abbreviated and 
spinescent, just as the plant liappencd to have sufficient water 
at its disposal or not. 

In this plant wo have, therefore, a varietal character, which 
is quite inconshmt, as it varies repeatedly even on tho same 
stem, and which has not become relatively fixed, though deemed 
worthy of a name. 

Such and other facts show how comidetely relative many 
varietal and even specific characters may be. They may have 
every degree of constancy, but they can often easily change if 
tlio environment bo altered, till other characters take their 
place, whicli may then become relatively fixed in their turn. 

I have said that all observations tend to prove that the 
great reduction of tho parenchymatous tissues, and a corre- 
lated hardening of the mechanical tissues, so that a spinescent 
character becomes very characteristic of desert plants, are 
simply the inevitable results of the action of the environment. 
That this is so is corroborated by an experiment of U. Duchartre 
on the effect of drought upon Dioscorea batatas.^ 

Some tubei-s of this plant produced long shoots, but without 
being allowed to have any water at all. The effect upon t le 
stem was that it acquired excessive rigidity with no helio- 
tropism nor power of climbing. Although the stem was much 
more slender than normally, there was a marked predominance 
of the elements of consolidation. The fibres had very thick 
walls and a minute lumen. The periphery of the centra 
cylinder showed a zone of perceptibly greater thickness han 
usual, consisting of fibres of small diameter, but with waUs o 


1 Bull, dc la Soc. Bot. de Pr., 1885, p. 156. 
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greater thickness than usual. This appears to liavc been the 
pericycular zone so commonly differentiated in herbaceous en- 
dogenous stems. Similarly, the collenchymatous cords at the 
angles were quite as much developed as in normally grown 
stems. 

Moreover, all these well-developed mechanical elements of 
consolidation in the Dioscorea were in a greater relative pro- 
portion, in consequence of the considerable reduction which 
the parenchymatous tissues had undergone. 

The leaves were small and undifferentiated, the parenchyma 
between the veins being much arrested ; the stomata were 
undeveloped, and the palisade and lax central parenchyma all 
alike and unformed in character, except that the two of four 
larger layers in the centre had no cldorophyll. 

From the above brief epitome of Duchartre’s experiment, 
it will be seen that, so far as the small amount of parenchyma 
and the great density of the mechanical elements of the fibro- 
vascular tissues are concerned, we have an exact parallel be- 
tween desert plants and the Dioscorea grown without water 
in the dark. Hence this experiment, together with that re- 
feiTed to above, are sufficient to completely justify the conclu- 
sion that the indurated character of the mechanical system, as 
well as the spinescent features of so many desert plants, are 
simply the immediate results of the effects of the comparatively 
waterless character of the environment. Lastly, it must be 
borne in mind that the spinescent character is hereditary, 
and although the rigidity begins to break down under cultivn- 
tion m a moist climate and a good soil, the spines may 

Ui he formed, hut become gradually modihed, and finally 

branches, as has occurred with 

That “xerophUous" pecuUarities of plants are not only cor- 
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related with, b,,t, actually caused by the arid conditions of 
their environment, is also the conclusion of Professor A. F. W. 
Schiniper,* who has la»(.iy studied the flora of Java. He finds 
that the plants of the sli«^j.es^ Alpine plants, those of the sol- 
fataras, and epiphytes, although Vory diirerent from each other 
in a classifactory sense, all present common cfianaei-exs in being 
strictly “ xerophilous.” In all, the leaves are small and thick, 
there is a strong cuticle, the stomata being at the bottom of 
“ crypts,” the intercellular spaces reduced, hairs more abundant, 
the water- storage tissues present, Ac. The author concludes 
from his observations that among the causes capable of deter- 
mining the development of these various adapUxtions of defence 
against a temporary or permanent insulficiency of water, are the 
tlryness of the atmosphere and soil, a strong insolation and rare- 
faction of the air, the richness of salts, or a too low temperature 
of the substratum. The stunted condition of the plants of the 
solfatai jus and of the shores would be due to the too great abun- 
dance of salts in the substratum, which has the result of reducing 
the assimilation of carbon. 

As a corroboration of the preceding it may be added that 
MM. J. Vesque et Ch. Viet 2 came to the same conclusions, 
namely, that the fibro-vascular structures were much more 
developed in a drj than in a moist atmosphere. 

I will conclu<lc this section by quoting another corroborative 
remark of Grisebach : “ Au nombre de phenomdnes g(^n6rale- 

inent r^pandus figure le developpement des (Opines, phdnom6nc 
qui va en croissant avec la secheresse du climat. Les arbustes 

» Ueher Schutzmittd dcs Lanhes geyen Transpiration, hesouflcrs m der 
Flora Java's (Mitthuilnngen aus den Sitzungsbericliten der Kbnig. preuss. 
Akademie der Wissenschaften zu Berlin, 1890, Heft vii. 1045). See also 
Jicv. Gtn. de ISot. for 1S92, p. 364. 

- De Vlnfiuenccdu Milieu sur la Structure analomique des V 6 <j 6 taux. 

Sci. yat. Dot., S 6 r. 6 , tom. xii., 1881, p. 167. 

^ La y^^ciation du Olobe, ii. p* 197* 
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(Spineux plus petits qui habitent Ics steppes asiatiques et les 
solitudes du Sahara p^nfetrent dans les savanes de a contr6o 
basse du Soudan {Tragacantlm, Alhagi). Uexomp e le plus 
remarquable de ce fait est founii par le Suler {Zizyphus spimi- 
Christi)y qui, sous la forme d’un arbustc ou arlue nain, s utend 
depuis la Palestine jusqu’au Sennaar ct au Bornou. Mais dans 
le Soudan le d^veloppement des Opines n’est point VnmU aux 
arbustes asiatiques de petite taillc, ou i la forme de Sodada, 
puisque meme les aibres, notamment les Acacias, aussi bien 
que les plantes grasses, sent 6galement armds d’organes piquants. 
Dans la Nubie la majority des arbrcs sont 6pineux, et il parait 
que dans certaines parties de I’Abyssinic et dans le Bornou il 
n’est presque point de vegetal ligneux sans 6pines. Une chose 
semblable est rapportde par M. Livingstone relativement aux 
contrees confiiiant avec le Kalahari, tandis qu’au contraire cetto 
organisation s’6vanouit sur le partage des eaux dans la direction 

du Congo.” 

Foliage of Desert Plants. — Another result of the de- 
ficiency of -water is the small size of the leaves of desert plants, 
thereby lessening the surface of the transpiring organs ; or else 
they are suppressed almost, if not quite, altogether, as in 
RetamOy Anabasis, Ephedra, and Tamanx. Many plants pro- 
duce fair-sized leaves in the early spring as soon as the rainy 
season has arrived, but none or very small ones later on, as 
Zilla, Alhagi, StoUtce, &c. The inrolled margins of the leaves, 
which make them assume the form of a more or less closed 
cylinder, is another common contrivance.' 

Kow while this reduction of surface is beneficial by lessening 
transpiration, we must remember that it is simply the result of 
drought. This is proved in several ways : first, one and the 
same plant will produce much larger leaves in March or April, 

' Rhododendron leaves temporarily assumed a precisely similar form in 
the great frost of February 1S95. 
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whi-n ^'00.1 supi'ly of water is at haml, l>ut mimitc loaves in 
June, when the sui^ily is deficient; secondly, if the same plant 
ho grown in the Nile valley, it ceases to i>roduce the smaller 
suniiuor foliage and vesemhles the or.linary herhaeoons leaves of 
temperate climates. Thus SaJria lunvjrra growing in the delta 
has ilat leaves eight inches long, hut when in the desert they 
are only about two and a half inches long with the margins 
inrolled. A similar variability is a common phenomenon and 
is well known ; for numerous instances might ho given of 
leaves varying in form and structure on the same i)lant, or on 
ditl'erent indivitluals, according as they develop at diilereiit times 
or under dill'erent circumstances ; or again, if the plant have 
heen transplanted, say, from a hot to a cold, or from a dry to a 
wet locality ; or again, from a low to a high altitude, or vice 
rersn. Mr. (Iroom records a case of an orchid, Rcnanthera 
alhcscen.<, which naturally scranihlcs over plants, growing on 
liot, open, sandy heaths. The specimen was transferred to the 
llotanic Gardens, Singapore, where it grew under the shade of a 
well-foliaged tree. As might he expected, the form and ana- 
tomical deUils of the new leaves hecame much altered. Mr. 
(’.room gives a series of comparisons showing how the cuticle 
decreased in thickness, while the dimensions of the leaf increased 
in length, and hecame diminished in thickness, Ac.^ 

Mr.° Scott Elliot - has independently arrived at a very similar 
result as to the cause of the small size of the leaves of the 
“ ericaeeous " type which prevails in parts of the Cape and of 
Australia. He observes The climate (of the Karoo) is 
characterised by a long and dry summer and by plenty of wind. 
Such conditions obviously favour transpiration. . . . Hence the 
small and excessively coriaceous leaves of these plants without 


^ Annals nf Botany, vii. p. 152. 

2 Notes on the Regional Distribution of the Cape Flora. 
Soc. Edin., 1S91, p. 241. 


Trun$. Bot. 
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much spongy parenchyma arc thoroughly suited to the climate. 
We may even, I think, go a stej) fartlier, and say tliat the 
physical conditions have produced tins form. . . . Witli regard 
to leaves, certain observations, which are not yet extensive 
enough for publication, as to the variation in size and texture 
of the leaf in the same species in <lilfercnt habitats, strongly 
incline me to believe that the smallness, cuticularisation, and 
want of spongy parenchyma in the leaf all follow directly from 
such conditions,” 

Similarly Professor Eug. Warming attributes a similar result 
to climate, especially the dryness of the atmosi»hcrc on tlie 
Campos of Lagoa Santa, Brazil. He writes ; — 

“ liOrsque les feuilles nc sont pas tomenteuses sur les deux 

faces, elles sont ordinairement raides et coriaces ; les feuilles 

de plusiears espfeces, agitdes i>ar le vent, font entendre iin bruit 

de cHquetis ou de cr^cellc trfes extraordinaire, tels sont certains 

Salvetiia, Vochysia, le Palicourea rigida ou strepitans et cer- 

toins Botnbax. La majoriW des especes arborescentes ont les 

feuilles durcs et coriaces, i quelque fainille qu’elles apparti- 
ennent.” ^ 


These and other features everywhere characteristic of plants 
gromng permanently in arid districts are often noticeable in 
other plants when only temporarily subjected to great drought. 
Ihus Sigm Bolos writes me from Olot (Genova) about Bosa 

sejnum Hesays:— consequence of a great drought such 
a transformation took place in a plant of this species that it 
became unrecognisable. The stalks, leaves, and flowers were 
reduced to half their size, the stems became much more thorny 

glundular.” 

Thm Illustrates what I shall have more than one occasion to 
^eter to, viz., that it is only a question of degree between an 


* Op. eit., p. 155 (»«pro, p. 2). 
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accidental and transient eifect and a persistent and hereditary 
one. The diflerence simply resides in the duration of the 

climatic influences. 

Besides tlie general reduction in size of the leaves, plants in 
the desert reach the “ suhaphyllous ” and “aphyllous” condi- 
tions. The degradation in the size and form of the leaf passes 
through many degrees till the leafless stage is reached, as in 
Ephedra and Retama. Just short of that, the leaves are 
minute, scale-like, closely adpressed against the stem, and as- 
sume the appearance of the foliage of Thuja, Cu^^ressus, &c. 
In the desert this form is ■well seen in Anahasis articulata and 
Salsula Pachoi. Such leaves may terminate in sliarp points, 
as in Cornulara viacraiitha, just as on our English Salsola KaJt. 
This last-named genus adopts both forms, just as Rethiospora 

may have them, even on the same plant. 

That drought is the main cause is inferred from the fact 
that similar forms occur on plants in rocky and and mountain 
re-ions at high elevations. Thus while in New Zealand 

nearly aphyllous species of Veronica live at an elevation of 
7000 feet, Veronica Thujioides is found at a lower hut still 
high elevation. Similarly Thujas (Biotas) are trees and 
sluubs of considerable elevation. Very many coincidences 
here offer the same grounds in support of the contention that 
similar causes have brought about similar results and produced 
these mimetic and specific forms in genera of widely difierent 
orders. Thus Tamarix in Africa may be said to “represent 
Haloxylon Ammodendron of Beluchistan and the Oriental 
steppes (Aitchison and Grisebach), Casuarina of Australia, the 
Thujas of Japan and California, Veronica Thujioides of New 

Zealand, &c. , , . . 

Succulent Plants.— Although spinesccnce and hairiness arc 

the prevailing features in the desert plants near Cairo, some 

few are decidedly succulent, as the species of Zygophyllum. 
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That this feature is one of tlie direct results of tlic intense 
heat (probably influenced by the presence of salts iji the soil), 
inducing the formation of a thick cuticle, which, in turn, 
involves the retention of water and the development of succu- 
lent aquiferous tissues, I think caiinot be doubted. The pre- 
sence of salts has been ])roved by hi. Lesage to be the immediate 
cause of succulency in maritime plants of temperate climates ; ^ 
and he succeeded in making plants succulent which are not so 
ordinarily. On the other hand, tlie structure of “ rock plants,” 
such as Sedums, Haworthias,2 &c., is correlated with their arid 
and stony surroundings (probably witliout the aid of salts), and 

is obviously one of the many adaptations for the storage of 
water.’ 

That the succulency is due to tlic direct action of the environ- 
ment is shown by the results of experiments in wliich the 
normal succulency is made to disappear when a new combina- 
tion of surrounding conditions is supplied to the plant ; thus 
M. Battandier3 cultivated Sedum Clustaitum, and the leaves 
at once began to assume a flatter character, and he remarks as 
a coincidence that the two species S. stellatum and ,S. tuberosum, 
which are not rupicolous in France, but inhabit wet places,' 
have flat leaves. On the other hand, I have found those of 
S, stellatum growing in cracks between flat slabs of rock in 

* The succulency of several members of the Chcnopoduicca: which fre- 
^ent saline marshes and deserts may be now attributed to the sam« 


leaves of and £?as(cna.M. Lanza observes 

{Malpujhui, IV. p. 145-167, 1890), that the surface is covered with ex 
wscences ongmatmg from below the epidermis and composed of colourless 
«lls, the function of which appears to be to protect the plant from exces 

habit"" b ir- , altogefherchanr^h: ; 

habit with the locality in which they grow, being flat or er^ct HSordZ 
’ £uU. de la Soc. Bot. de Pr., i8d6, p. 191, 
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Malta, in an exposed, heated spot, were more or less cylindrical. 
M. Battandier also says that two other species which are not 
rupicolons hut grow in dry earth, viz., S. ruhens and S. Mag- 
nolia have flat leaves in a wet season, hut cylindrical leaves in 
a dry one. 

Similarly, the common maritime fleshy samphire of tem- 
perate climates, Criihmum maritiniumf when cultivated in a 
garden became luxuriant and horc flat and smooth leaves. 

Centaurea crassifoliay a plant peculiar to the Maltese islands, 
growing in hot rocky valleys, has thick succulent leaves which 
survive during the hot season, but in ^larch, when it begins to 
produce its new foliage, before the hot summer has approached, 
I found that the leaves were nearly as thin as of ordinary 

plants. 

As another example, M. Constantin observed ^ that Sdlsola 
Kaliy a common inhabitant of maritime salt marshes, grows up 
sandy rivers, when it passes into S. Tragus by losing the usual 
character of its leaves. 

The most elaborate series of experiments to test the source 
of the succulency of maritime plants has been carried out by 
M. Lesage,2 ^yho shows conclusively that the presence of salt 
is at least a potent cause in its production. He succeeded in 
making plants, such as garden-cress, succulent by watering 
them with salt water. He also testifies to the hereditary 
effects, in that seed obtained from plants of cress which were 
somewhat succulent in the first year’s experiment, became still 

more so in the following. 

The in creased substance of the leaf is accompanied by a 
greater development of palisade tissue with diminished inter- 
cellular passages and a less proportion of chlorophyU. This 

1 Jourru de Bot., 15 Mars 1887. 

* Bcv. Qin. de Bot., vol. ii. pp. 55 , 106, 163- See also Comptes Rendus. 
cxii. 1891, p. 672. 
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latter result is correlated with a decrease in tlic amount of 
starch produced. 

From all the above facts, natural and experimental, the con- 
clusion IS inevitable that while succulency is of benefit to the 
plants under the conditions in which they grow, especially l.y 
enabling them to store water during the liot and dry season it 
IS in all cases actually brought about by the direct action of 

the environment itself, coupled with the responsiveness of the 
protoplasm of the plant. 

Protection op Puds.— A feature very characteristic of the 
African desert grasses may be here mentioned, namely, the 
retention of the leaf-sheaths, so that the annual buds are 
carefully protected against drought when they appear in the 
prmg. Similarly the Pumnychiaeeie are provided with scarious 
stipiil.^, completely concealing the Inids within them ; siiiiilarly 

atnplicifolia has a spike of densely overlapping 
bracts (resembling the “ wheat-eared - monstrmis Wm 

protecting the flower-buds. Professor Warming 
noticed the same thing in Brasil. He thus writes :-<■ Dans 
e groupe des Glnmiflores (Cyp6racies et Grammes) les fcnilles 
sent etro.tes et raides ; presque toiites les esp6ccs do ce groupe 
pt tuniqudes au sens oil M. Hackel a employ^ ce moTpour 
k premitre fois on 1889, e’est-i-dire que les bourgeons de- 
meurent enveloppds et prot.g6s par la\ase des 
pemistent pendant longtomps. comme eela a lieu anssi dans 

(^«<iropogon, Shyncospoya, Scirpus sp.. 

trate this of iUu- 

yparmxngii, p, ,9,, Scirp^, parado:^ -RAyncAo^pora 
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KooTS. — Tiic organs hitherto considered are all above ground, 
hut roots also exhibit features of self-adaptation to desert 
life in the enormous length they sometimes acquire. Dr. G. 
Yolkens describes ' how a young plant of Mon^onia nivea of one 
year’s growth may be seen between July and January to have 
a small rosette of three or four leaves while the roots may be 
twenty inches in length. Other plants may have roots two or 
more metres long. The Colocynth, he observes, has an enormous 
length of root in order to maintain its existence. It stands 
singly, has large herbaceous leaves, without any means of pre- 
venting an excess of transpiration, as a cut shoot fades ^^thm 
five minutes, and yet it flourishes unshadowed through the 

whole summer. , , , i „ 

The great length of root in certain desert plants has been 

also noticed clsewlicre. Thus Dr. Aitchison ohseryed m 

Bcluchistan that “several of the Asiragafi {A. 

Awjamis, hucMorinemU) have long whip-hke roote, the barK 
of which is employed as twine by the people. These roo 

arc extracted in a very neat way, by attaching ^ ° 

to the crown, passing a stick through the other end, and making 

it act as a lever.” 2 

ISr de Candolle has also called attention to the advanta^ 
long roots in enabling the planU to resist extremes of tempera^ 
tore. He says L’action do la temperature est . 

k la surface des sols, ct I’est moins k une 

d’oiil r&ulte: i”. Que. dans un terrain donn^, les plantes 
racines profondes r^sistent mieux aux extremes de la tempto 
ture q- eelles k racines superfieiellcs. a". Qu'une plants 

donnte rdsiste mieux aux extremes de e 

terrain plus compacte, ou moins bon conducteur du ^lonq 
ou moins douS de la faculty rayonnante, que dans un 

i Op. cit., p. 7 (supra, p. 36). 

* Op. cit., p. 43* (««/»»■“> P* 37>- 
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trop leger ou bon comlucteur, ou layonnant forteiiient lo 
calorique. 3". La nature des plantes et celle du sol etant 
donn^cs, les plantes rcsistent mieux au froid dans une atmos- 
phere seche, et h la chaleiir daiis une atmosphere humido.” * 

The cause of the long tap-roots of so many desert plants is 
the >yeIl-known responsive power of their apices to moisture, 
or hydrotropism. Similar phenomena may not infrequently 
be seen m England. Thus if. for e.xample, the tip of the 
root of a seedling turnip gets into a field drain-pipe, it may 
grow to a length of some yards, of course never producing the 
turnip.^ As water is often to be found at various depths 
below tbe surface of the desert, the roots, stimulated by ascend- 
ing moisture, continue to grow downwards till they attain very 
great lengths. ^ 

majority being perennials.^ A feature, however, which Dr 
Volkens notices is that these characters are particularly liable 
to change in desert plants according to circumstances. Plants 
hich nominahy hve but one year, as species of Sam,jn,ja 
Polycarpon, Malva. THgcu^lla, Ifioga, &c., may survive tC 
« mom years ; while pereniuals like CappL, ZnaT. 

fact annuals. The 

Mr. Scott Elliot has observed the same fact in South Africa.^ 

xviii. Jiotanique; Did. de, Sci. Nat., tom. 

to^ late y. g. 

cTc^' ‘r ® o' 

Op. «r., 
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In speaking of the prevalence of the “ericaceous” type, in- 
cluding 350 species of Erica itself, ho remarks: — “It is 
not, I think, hard to see why this typo should obtain so 
largely in the south-west district There is, to begin >vith, 
no winter worthy of the name ; and therefore annuals would, 
when becoming acclimatised, probably cease dying at the end 
of the year, because there is no reason why they should. 
Certain European annuals of cultivation have, in fact, become 
perennials.” 

Now the annual, biennial, or perennial character of plants is 
often regarded as specific ; but it is one which can be easily 
changed, and may then become hereditary; thus the garden 
form of the carrot is now biennial, but normally, as a wild plant, 
Daucus Garotay it is an annual. This is simply the result of 
sowing the seed of the original wild form late in the season. 
The consequence was that the plants did not blossom till the 
following year. Then, by selection, this biemiial feature has 
been fixed, and is now hereditary. Poa annuaj if gi-owu in 
plenty of moisture, at once becomes a perennial, as it docs also 
on the Alps, just as several other annuals at lower altitudes os 
well as latitudes become perennial when growing at higher 
altitudes and latitudes. 

Hr. Th. Holm' has recorded a number of examples of 
American plants which arc ordinarily annuals, but become 
perennial under exceptional conditions. They include Hy- 
pericum nudicauUy Delphinium Consolida, Cype)nis Jlavescensj 
Carex cyperoideSy and species of gi-asses and Crucifers which are 
annuals in Europe but perennials in the United States, and 
particularly so near Washington. Eor example, AraUs dentata, 
which is typicaUy biennial, and A. lyrata, which is normaUy 
annual or biennial, have formed perennial specimens. On the 

» On the Vitality of some Annual Plants ; Amcr. Joum. Sei., xlii. 1891. 

204 i see also Ji^v, Qin* dt lS92» p* 364* 
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contrary, A. l(£vi(jafa, said to be perennial by Hildebrandt, is 
not at all rare as a biennial near Washington. 

^ This change in duration may be accompanied by a change in 
the period of flowering, or tire period of flowering may elmnge 
without a plant altering its duration of life, and these altera- 
tions may become permanent. Thus Sir J. D. Hooker > noticed 
how the Stock and Mignonette become perennials in Tasmania ; 
on the other hand, the Castor-oil becomes an annual in En-dand 
As a remarkable instance of a plant having undergone a 
complete change of season in flowering, OxalU cenma may bo 
mentioned. This is a native of the Cape of Good Hope and 
flowers in the winter, i.e., July; but throughout the whole of 
the Mediterranean border, where it has become dispersed since 
1806, It blossoms from November to April.^ 

Darwin has so fully discussed, under the head of “ Accliniati 

sation -'3 the variability of plants in adaiiting themselves' to 

climate and so becoming “precocious” or “late” in flowerim' 

that I need not enter upon this subject. All I would com 

tend for IS, that such variations of habit are simply due to 

the responsiveness of protoplasm to the environmentel con- 

itions, and that when once acquired, they all tend to and 
may become hereditary traits. 

In co^boration of this I wiU conclude with the following 
observations by the late Br. Bindley ; ■* ^ 

plants to advance or retard their season of ripening was oriqinjh, 
coated wUk tke sail or climrUe in which Ley ;.ew f S 
which for years is cultivated in a warm dry sofl, where it rlpeL 

* Animals and Plants under Domestication, ii. p. 30-;. 

-rnua. 


Animals Plants under Domestication, ii. 306 
Theory of Horticulture, p. 465 (the italics’ai; i^ne). 
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iu forty clays, tvill ac<imre habits of gi'eat excitability ; and when 
sown in another soil, will, for a season or so, retain its habit of 
rapid maturity ; and the reverse will happen to an annual from 
a cold and wet soil. But, ns the latter will gradually become 
excitable and precocious if sown for a succession of seasons 
in a dry warm soil, so will the former lose those habits and 
become late and less excitable.” 


CHAPTER III 

HISTOLOGICAL PECULIARITIES OP DESERT PLANTS 

Although the morphological features of desert plants are 

viously adaptive, the histological elements illustrate the same 
fact even m the most minute details.* 

Epidermis and CoTicLE.-Commencing ivith the epidermis 
a thickened cuticle m various degrees is of ivell-nigh universal 

wa“"*Th ■ T r® '* f frequently a superficial layer of 

wax. The cuticle is often covered with waved lines or ridges 

‘"Percies. " ’ 

M. Dufour found experimentaUy that the thickness of the 

S-SSSSSHS 

from M Dufonr*q ^ g*’ounds expected 

iPetTsCr. 6?^ rir.ST ' 

-Inn. <te$ Sei. Nat. BoL S^r ^ P* 5' 

P- 31 1, tom. viii. 
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iu forty days, will acquire habits of great excitability ; and when 
sown in another soil, ^vill, for a season or so, retain its hahit of 
rapid maturity \ and the reverse will happen to an annual from 
a cold and wet soil. Hut, as the latter will gradually become 
excitable and precocious if sown for a succession of seasons 
in a dry warm soil, so will the former lose those habits and 
become late and less excitable.” 
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CHAPTER III 


HISTOLOGICAL PECULIAUITIES OF DESERT PLANTS 


Although the morphological features of desert are 

obviously adaptive, the histological elements illustrate the same 
fact even in the most minute details.^ 

Epidermis and Cuticle. — Commencing with the epidermis, 
a thickened cuticle in various degrees is of well-nigh universal 
occurrence. There is also very frequently a superficial layer of 
wax. The cuticle is often covered with waved lines or ridges, 
especially on elevated cells, and the hairs with tubercles. 

Dufour® found experimentally that the thickness of the 

external and lateral walls of epidermal cells is greater under 

sunlight than is that of the same species when grown in the 

shade, and the cuticle is also much more developed under 
sunlight. 

It need hardly be pointed out that in the desert the sunlight 
and glare reflected from the sand is very powerful, and there- 
fore, aliens x^aribus, the intensification of those elements 
mentioned is just what would be on d prion grounds expected 
from M. Dufour’s experiments. But the thickness of the 
cuticle tends powerfully to prevent the loss of water, which 


The reader might consult M. Vesque’s descriptions and figures of 
species olCapparii, showing how their anatomical structure conformed to 
their habits “ L t^pece VifjiUiU c<»xsiil 6 rie ou Point dt Knc rfc V Anatomic 
compare; ’> Ann. ScL Nat., S 6 t. 6. tom. xiii. 1882, p. 5. 

Ann. dcs Set. Nat. Pot., Sdr. 7, tom. v. p. 311, torn. viii. 
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is the end and aim of all desert plants in their adaptations to 
the climate. 

Dr. Yolkens ' observed that a considerable number of xero- 
phile plants are protected against a too energetic transpiration 
by the existence on the surface, outside the cuticle, of a thick 
layer of a sort of varnish, very brilliant in appearance. It is 
in most part soluble in alcohol, and without doubt of a resinous 
nature. An interesting fact, from the point of view of geo- 
graphical botany, is that such plants are peculiar to the Southern 
hemisphere. 

The presence of wax on the surface of leaves was long ago 
observed (by Mulder) to be closely correlated with chlorophyll, 
so that when we find the palisadic layers much increased, as 
they arc in desert plants, wc should apHori expect a specially 
increased layer of wax. The production of this substance is 
dependent ultimately upon the increased amount of light [and 
heat?], which appears to deoxidise chlorophyll and to leave 
wax as one of the producU ; hence the cpidermU becomes 
colourless and the cuticle coated with wax, as the wax in- 
creases with the loss of water. Upon this Mr. Herbert Spencer 
observes : ** The deposit of waxy substance next to the outer 
surface of the cuticular layer in leaves is probably initiated 
by the evaporation [transpiration?] which it eventually 

cliccks.^^ 2 

AVhen the external walls of epidermal cells are flat, the 
cuticle is generally smooth; when, on the contrary, each ce 
forms a convexity towards the exterior, it is nearly a ways 
ornamented either with parallel and straight or undulating 
strife, or they may he more or less reticulated, &c. The a ove 
features are common on desert plants. M. Vesque o ers m 

1 Ueber Pflanzcn mit lackirten BtiiUern. Bcrichte dcr deutschen botan. 

Oesdlachafl, Bd. viii. Heft 4, p- 120, 1890. 

2 I»rinciples of Biology, ii. p. 245. 
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foUowing interpretation : “II serait bien difficile de determiner 
le role de ces dessins cuticulaires par I’experieiice ; luais etant 
doimee cetto circonstaiice singuli6re quo les epiderraes plans en 
sont ordinairement depourvus, tandis que les parties convoxes 
en pr^sentent presque toujours, il est i>ermi8 d’(5mettre une 
hypoth^se h mes yeux fort plausible. Cliaque cellule convexo 
reprdsente en efiet une lentille convergente qui, nialgrd ses 
faibles dimensions, pent, surtout dans les pays chauds, notable- 
ment sur6lever la temperature en un point d^termind de la 
cellule 6pidermique ; il est done important, dans ce cas, do 
remplacer la vitre lisse par une vitro cannelee qui a pour effet de 
disperser, d’dgaliser la lumiere incidentc ; de cette maniere on 
comprend pourquoi, dans un grand nombre de cas, les cellules 
convexes qui avoisinent les stomates ou les polls enfonc^s au- 
dessous du niveau de I'dpiderme, et celles qui se reinvent cn 

petites saiUies autour de la base des poils, sont strides tandis 
quo les autres ne Ic sont pas.” 

As far as sheets of glass with striated and reticulated surfaces 
ran .nutate a cuticle, I find that a sheet of sensitive paper is 
not darkened to the same extent under the former as under a 
clrar sheet of glass of the same thickness, when fully exposed 

Tl. Z f “'“"Sh nothing could bo 

cirerstanrat temperature under the same 

PiLosisM.— Since a more or less excessive hairiness is a 
chpaermt.c feature of the great majority of plants “r^ win" i^ 

all. M. Mer, who studied the question, came to 

Op. cit., p. 34 {supra, p. 44, note). 
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tlie conclusion that, caieris paribus^ hairs are due to a localised 
extra nourishment, and therefore frequently occur upon the 
ribs and veins, j'.c., immediately over the channels of sap. He 
thinks this view is supported by such a case, e.g.^ as lihus 
Cutinus, in which the abortive pedicels, which bear no fruit, 
develop a large amount of hairs, while the pedicels which 
bear fruit have few or none. The excess of hair is therefore 
presumably due to a compensatory distribution of sap. 

M. Aug. Pyr. de Candolle came to the same conclusion in 
1827; for he then wrote about Rhus Coiinus as follows: 

“ Peut-etre la s6ve destinde a nourir les fruits, ne trouvant plus 
d’eniploi lorsque ceux-ci ont averts, produit-elle ce developpe- 
ment extraordinaire de poils. Quelques filets d ^tamines 
{Verhascumy Tradescantia) deviennent aussi poilus quand les 
antheres avortent, et probableraent par la memo cause.” ' 

Dr. M. T. Masters observes, when speaking of the hair on 
the barren pedicels of Rhus CoiinuSy or the “Wig-plant, as it 
is called : — “ A similar production of hair may be noticed in 
many cases where the development of a branch or of a flower 
is arrested ; and this occurs with especial frequency where the 
arrest in growth is due to the puncture of an insect or to the 
formation of a gall.”^ 

As another illustration of this las^mentioned fact, it may 
often be noticed how Veronica Chamaxlrys terminates its 
shoots with an excessively woolly globular bud. A simi ar 
thing happens to a heath, Erica scoiwriay common on the hi s 
around Cannes. In the latter plant the abnormal leaves are 
broad, ovate, and densely hairy, while the ordinary leaves are 
linear and glabrous. These globular structures in both plants 
are due to the irritation set up by the presence of grubs. Uje 
axis and the innermost leaves are arrested at the apex, win e 

^ Oryano<)TQph{c Vtijilolty tom. I. pp. 1 1 2 . 

2 Teratology, p. 472* 
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in compensation the lower leaves of tlie bud alter their character, 
enlarge and become densely clothed Avitli hair.^ 

The fact of hairs being developed over and about the fibro- 
vascular cords is of common occurrence, and under the alx)ve 
^pect becomes very signihcant in such cases as in desert grasses, 
^vender, &c. Pfitzer observes » Almost all grasses inhabit- 
mg very dry localities have leaves with well-marked longitudinal 
lows the stomata being situated within the grooves, while 
the ndges correspond to the vascular and fibrous cords. Tlie 
tooth-hke hair of tlie grasses (or branched, as, e.g., on the calyx 
of Lavender) project like chevaux^e-frue over the grooves 
They have swollen bases capable of imbibing moisture ; and so 
m all probability absorb dew, as well as protect the surface 
against a loss of water. The marginal inroUing of the blade is 
of course an additional protection. To such an extent does 

cvlindTl T srassea are perfectly 

yhndncal ; the upper surface, which is the especially grooved 

one, being entirely concealed from view, as may be wdl seen 

m Volkens’ figure of Ansfi^a ciliata.^ I„ some Lies aj 1" 

over Srs’tomat" """ 

havo sfcron<T^Iv markprl i * Their stcnis 

uron ly marked similar characteristics. The chief of 

s;'3v'Sr“ “ 

» P- 50- 

i>. cu., pi, xvil, 6g. 4 («upra, p, 36), 
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with or without protecting hairs. Strong masses of scleren- 
chyniatous tissues are present, often pervading the stem in a 
radial direction, with a large-celled thick-walled pith and en- 
larged medullary rays. These latter act as an aqueous storage 
tissue. As examples which I have had the opportunity of exa- 
mining are species of Tamarisk trees and of Casuarina, often 
cultivated in Cairo ; of desert plants, lietama vetenii PHy 
ranthus tortuosus, Statice pruinosa, &c. In Europe we have 
the Furze and Broom as representing similar features, while in 
Australia, besides Casitarina^ there are species of Cytisus, tlie 
names illustrating the same feature, as G. Ephedrioides^ C. 
Equisetifolia, &c.^ 

As another illustration wliich serves to support M. Mers 
contention that hairs are, cceferis paribus^ a result of compensa- 
tion, ]\r. Lesage2 found in a root of the second order of 
Phaseolus, which was much longer than the primary root, that 
the portion outside the water was covered with numerous root^ 
hairs ; near the water these hairs were elongated, while in the 
water they were much .shorter, and finally disappeared alto- 
gether. In a transverse section it was seen that the cortical 
layei's in the air contained smaller elements than those in tho 
water, and in the central cylinder the xylem was proportion- 
ately more lignified in the aerial portion. ^ 

The root of the bean was made the subject of similar ob- 
servations. It was found that when numerous secondary roots 
were suppressed, the primary root was covered with numerous 

absorbing hairs. . 

The above interpretation wUl therefore satisfactorily explain 

the existence of the hairiness of plants in deserts ; for drought, 


1 For illustrations the reader is referred to Volkens 
and Worsdell on “ Casuarina, “Annals of Botany, vni. pi. xv., 
Hi-story of Plants.” by Kemer and Oliver, i. p. 299 * 

® Comities Rendua, cxii. 1891, p. 109. 
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aided by the barrenness of tlie soil, ten<ls to arrest the deve- 
lopment of parenchymatous tissues; and in proportion as tliis 
arrest is excessive, so is the compensating process of the pro- 
duction of liairs. Hence, just as with plenty of water, or a 
good soil, as obtains under cultivation, plants tend to become 
less hairy than in the wild state, as, e.g., the parsnip; so, con- 
versely, mider aridity and a poor soil hairiness becomes a 
characteristic and hereditary feature. 

Here again, therefore, if the above explanation of Af Afer 

be true, the very conditions which Iwing about the production 

of an excessive clothing of hair, arc precisely those against 

the seventy of wliicli the dense clothing is one of the very 
best of protections. 

The above interpretation receives indirectly an additional 

countenance from the fact that just those desert plants rvhich 

do develop much parenchyma and become excessively lleshv 

as the Alomea;, Euphorbia, Caefacae, Zyr/nphullmu Sic arc 
generally entirely hairless. ' ’ ’ 

Intense hairines.s is certainly one of the most conspicuous 
features of feert planta, and is an invaluable means of lessen- 
mg the heat by forming a nonconducting surface, and, on the 

Dr. G. Volkens remarks tliat a multitude of c.ascs establish 
the empirical deduction that drought is correlated with the 
presence of much hair, though what the real causal connection 

ton tends to incre.ase, so does the relative quantity of hair 

^ P-bably, 
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In dofiovl plants the hairs arc of diit'erent forms. They may 
he stitr, straiglit, and adpressed to the surface, all lying in one 
direction ; or the “ needles ” arc interlacing, or the hairs 
may he of a twisted cottony character and cover the surface 
with a layer of wool; or, again, they may he stellate and 
(lat, the hranches interlacing so as to produce a dense coating 
of felt ; or they may he bladdery and filled with water. 
These latter may finally collapse, dry up, and form a glassy 

sheet over the surface of the leaf. 

Tlicrc are also peculiarities in the structure of the hairs 
themselves which arc remarkable. In many cases the ca\ily 
is (luitc filled up with the exception of the broad basal part 
of the cell, while the outer surface may he densely coated 
with wax, cither entirely or with “gashes” and “pores” 
U)inh>iajris JInrra), or ol-se the hasal portion is quite devou 
of it (lleliofropium hifeuw), so that water can readily 
pass from without into the interior. Dr. Volkcns ohserves 

,vitl. le-ara to Uic lilling up <-f !«•“., u-.tl. cel ..lose 

matter, that this i.s eonneeted with the swelling up o 
inner membrane, and shows (by treatment with suitable ic- 
iments) that it is a .substance which, when water is absnibe , 
can hold it fast with great strength. This of course grea > 

ret levels tr<iii'SpirAtioii« i* i 

I have found in Mine cases, besi.les the closely api-lied 

felt, that there are taller branching hairs, sta.uUng m«c > 
above the level (Erucaria Alrj,j,iea). These I take to 
: pedllly absorbing hairs, as rvell as all rvhicb have no vax, 
or at least places on the hairs rvherc it is rvanting. 

As a special peculiarity, I have foun.l in Cocculus (. 
sper,„u,n) I.cc^ha a hasket-like arrangement of 
the anxiliarv h.nls. This no., Id i.resnn.ahly retn.n h . 
drop of .lew, by means of which the h..d wonld be bene- 

fitcd. 
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Besides being actual absorbents of dew,^ it may be borne 

in mind that not only docs the felt collect the dewdrops 

which get entangled in it, and so get absorbed, but it parts 

vnth them by evaporation much more slowly than does a 

smooth leaf, as I have tested by experiments witli many 
kinds of leaves. 

Now, Dr. Volkens observes, though lie suspecle^f it, lie cannot 
say for certain how or wliy tl.e hairiness is produced. But 
besides the reasonable interpretation of iMcr which 1 
have given above, that hairiness is a direct result of the en- 
vironmental action upon the plant is established by numerous 
i^es. In the first place, we have “ the argument of coinci- 

orht’ iTn •"'““‘‘^1 a change 

the proJaiih les accumulate till they amount to a moral con- 

tion Th r established by experimental verifica- 

tion. Thus, for example, the hairiness of wild plants tends 
to decrease under cultivation, as in the wild parsnip. Liiiiimus 
observed this fact nearly two hundred years a<-o for he 

cXui~“ "r* vt: 

son t e dry barren graveUy 

one of the a ‘n water ten feet from 

haLy St aU - — ly 

sreen parts. I would 

the Green Parts of Plants/' Jourtu Linn, ^c^rT 
“ PhOos. Rot., 272. ^ P- 3i3. 

^ PuiL de Ul Soc. Rot. <U Fr., 1887, p. 193, 
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BeJUs of Algeria. Similarly Allium Cliamcemoly, when culti- 
vated for eight years, lost its villosity which it had on the 
summit of Zaccar. So also Cerastium Boissieri, which is 
white and tomcntose at the summit of Ait-Ouahaii, became 
glabrous and of a beautiful green at Algiers. 

Hairiness is well known to be a most variable character, 


and although it is recognised as specific wlieu constant an<l 
abundant, as in Verhascu7n, and therefore less variable, it 
obviously becomes much less important when it fluctuates. 

It may be observed here that the hairiness as a heredi- 
tary character varies greatly. Ihus iVI. Hattandier found that 
Beilis Atlaulica varied ichmi tra7is2)lantedy yet when raised by 


seed in Algeria it did not show similar modifications ; similarly 
Allitun Chama-moly, though it became less villous, remained 
more hairy than its congeners after cultivation as well as by 
sowing. On the other hand, seedlings of Pastinaca saticay 
raised in a prepared border in the Botanic Gardens of the 
Cirencester Agricultural College, became less and less hairy, 
and finally quite glabrous.* As a spontaneous variety, Matva 
2 >arvirlora may be mentioned; as grown in the Kile valley as 
a culinary vegetable it is not very hairy, the hairs being 
stellate, having only a few rays, sometimes two only. As a 
desert plant, where it appears as a small annual for a few 
weeks only, the stellate hairs increase their number of rays. 
Similarly Brodium laciniatum is much less hairy when grow- 
ing in waste ground on Uhoda Island in the Kile by Cairo 
than wlieu in the desert. I find tliat the main dillcrences 
between the two forms may be summed up as follows:— 
Hypodermic collenchyma is much tliickcr in the petiole of 


1 Professor Bucknuin raised the “ domestic-ated ” vai iety alluded to, in 
1847, which he called the “Student.” It is still regarded as tlie best 
variety” in evdtivution, according to Messrs. Sutton & bons of Re.ading 


( 18951 - 
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tlie desert form. The upper epi<lcrmis has its cells similar in 
size, but witli more hairs. Tiie lower epidermis has cells 
which are much smaller than those of the Nile-vallcy form. 
The palisade consisting of two rows of cells is identical in 
both cases below the upper epidermis ; but while there is 
a lax luesophyll of rounded cells on the lower side in the 
Nile-vnlley form, tlie corresjjonding colls arc somewhat elon- 
gated in shape, thus teiuling to assume the i>alisadic type 
characteristic of the lower side as well as of the upi)er in 
the desert form. Hairs of the latter are more numerous in 
proportion of twenty-four to ten for the same area. 

Stomata.— These structures are frequently sunk below tlic 
level of the outer surface of the leaf, and may occur on both 
sides. The depression in which they lie is either in conse- 
quence of the great thickness of the outer wall of the epidermis 
(AUhim Cramen\ P/fi/mnfhus for/uosus, *c.), or because the 
epidermis itself lines cavities in the parenchyma, which are 
either naked or clothed with hairs covering over the stomata, 
as in the grass Danthoma Forskali, very like the well-known’ 
case of AWtum to which M. Vesque adds Capparis 

Brajma The Oleander has narrow, rigid, more or less erect 
leaves, which are well suited to live in a dry atmosphere. In 
a specimen growing at Cannes, there was a thick cuticle and 
wo ayers of thick-walled hypodermic cells, a palisade tissue 
of two layers on the upper side, and of one layer on the lower. 
A lax niesophyll of green cells fills up the central space. The 
stomata are on the bottom of tlie epidermal cavities. 

In a leaf gathered from a tree in Cairo there were sli-ht 

*'**''V***'"'^ bappened to be no palisade cells °on 
wer side at all. tlie lax inesopbyll reaching to the hypo 

dermic layer. Such differences are probably accidental. It 


‘ 5 c,-. Nat, Bot., 1882. 6 Sdr. tom 


xiii. 
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tljcy sliow clearly how easily the anatomy of a leaf conforms to 
slight clifTcrenccs of illumination, &c. 

In desert plants the guard cells are often so thick-walled 
that the lumen is nearly obliterated ; and contrary to what is 
generally supposed to be the case in temperate regions, Dr. 
Volkcns shows that they often close during the day and arc 
open at night.* Perhaps the arrested moisture, due to the 
check to transpiration, may cause turgescence by day, which 
closes the slit, while its cessation at night brings about a 
relaxation ; or it may be the result of a more complicated 
action between the guard-cells and the adjacent epidermal 
cells. It is, however, difficult to say without a very close in- 
vestigation into the phenomena on the living plants in their 
natural conditions. 

Assimii.ativk Tissues. — The chlorophyll tissue of an ordinary 
dorsi-vcntral leaf is typically differentiated into a palisadic layer 
below the upi>cr ei>idcrmis and a spongy layer above the lower 
epidermis. It is well known that in those plants in which 
the leaf is normally reversed in position, as Ahfrcr.meria, the 
relative positions of these two layers are also reversed. This 
inversion can be more or less decidedly brought about l)y 
compelling certain leaves to develop their surfaces reversed, 
^foreover, when leaves assume a vertical position, so as to be 
equally illuminated on both sides, then the epidermis and sub- 
jacent palisadic tissues are also more or less alike ; as in some 
grasses, the i)hyllodcs of Australian Acacias, the pendulous 
falcate leaves of gum-trees, though the first^formed horizontal 
leaves on the same gum-trees are dorsi-ventral in structure, like 
ordinary horizontal leaves.- 

^ Die Flora dcr ^gypt.^Arah* p. 47* • ^ 

- The chief differences between the two forms of leaves in hucalyptus 
I find to be as f<.llow 8 In the horizontal leaf the upper epidermis is 
composed of small cells, and there are no stomata. There i.s a palisade 
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M. G. Briosi has written a voluminous work with many 
plates upon the leaves of JCucali/pitis globulus, Labil, to which 
the reader is referred for numerous details.* 

The preceding facts all conspire to prove that the dilFereii- 
tiation of the mesophyll into palisadic tissue is the direct result 
of illumination •, and that as the upper surface of normally 
horizontal leaves receives more light tlian the lower, the dif- 
ferentiation of the chlorophyll cells into an elongated form 
parallel to the incident light is the direct outcome, cwteris 
paribus, of that external agent. 

A significant fact with regard to these alterations is that the 
change evinces itself by degrees. Thus in young leaves of 
AUtrceineria psittacina, M. Dufour^ shows that it is only 
partially effected. Thus the first leaf stands vertically. It 
possesses few stomata, and is nearly alike on both sides. The 
second leaf is still nearly vertical, being only twisted towards 
the apex. It has stomata on both faces at tlie base, but at 
the point shows many upon the upper, but none oii the 
lower side. The subsequent leaves have the petiole twisted, 
and are completely reversed in position. Their petioles have 
a small number of stomata on the two faces; the limb, exclu- 
sively upon the superior face, now becomes the lower in 
position. 


of one layer of cells, with lax mesophyll below the lower epidermis. 
This latter has larger cells than the upper and is provided with stomata. 
The pendulous leaf is a good deal thicker thJn the horizontal. Both 
epidermidea are provided with a very dense cuticle in which the stomata 
are deep-seated. There are four rows of palisade cells on both sides with 
a ch orophyllous mesophyll between them. The petiole is flattened, so that 

horizIntaUeare: 

95'p? etTs 

» BvU. deUSoc.de BoU de Fr., 28 Mai 1886, p. 269. The author 
here gives several references to the literature of the subject. 
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Another interesting point is that in young leaves the raeso- 
phyll is homogeneous ; but the cells under the upper epidermis 
are rather larger at first in the older leaves, showing an here- 
ditary tendency to develop palisadic tissue j hut later on the 
influence of the light soon renders the cells below the — now 
reversed — inferior side much longer than the others. 

The needle-like leaves of the Norway Spruce prove, accord- 
ing to the careful investigations of JI. !Mer,' to be most re- 
markably sensitive to light, becoming more quadrilateral, with 
a uniform palisadic tissue, as the leaf grows more exposed, but 
flatter and more dorsi-ventral when it is more shaded on the 

same tree. 

He also observes the remarkable result of frost setting up 
a “habit" in the tree as follows Trees planted isolated 
liave some modifications. They become more bushy, from the 
development of lateral buds, which are arrested in forests. 
■\Vhen the young shoots are struck by frosts in the spring, it 
happens at times that, without reaching the point of death, 
they lose their turgescence. They become soft, and their 
extremity turns toward the ground. Lignificatioii supervenes 
before they have recovered their turgescence, and they remain 
thus definitely curved. When the terminal hud is not de- 
stroyed it develops its succeeding shoot the following year in 


this position. 

“If one places it vertically, the terminal bud turns down- 
wards, and the tranch' in course of development preserves this 
situation ; or ratlier its extremity tends to elevate iUelf by a 
slight curvature. This depends upon its degree of vigour and 
the time during growth wlien the experiment is made.” __ 

This passage is very suggestive as a cause of ‘‘ weeping 
varieties of trees, by a temporary injury producing a per- 


1 Bull, dc la Soc. de Bot. de Fr., 18S3, p. 40. 
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manent effect in the growth, thougli not to tl.c extent of bein- 
hereditary. 

Again, Dr. F. Noll » lias shown that external influences 

determuie not only the direction of some organs, hut also the 

position in wliich they arc formed ; as, ejj., the development 

of the gemnne of Marchantia, of aerial roots on elimbim^ 

pants &c. In other and more numerous cases the forma” 

tion of fresli organs appears to be indepcmient of external 

forces, and .to be determined only by the internal, ne.. heredi- 

tary orces, in tlic plants ; as, for instance, in the dorsi-vontral 

structure of many parts of plants. In Bnjopsis the reversal 

of the plant brings about a corresponding internal organic 
transformation. 

Professor Eug. Warming notes tlm same feature in tl.o 
leaves of plants growing i„ the arid campos of Lagoa Santa. 

direction des feuilles accuse cgaleiiieiit la 

une Trl\ r ’ <>n‘ l.ahituelleinent 

une direction verticale ou sont au luoiiis tris relevdes de 

manitre a u etre frappees par les rayons solaires qiie sous un 

aiig e .aigu. Certeincs esptees out des feuilles ties reduites ct 

appartieiinent il des fani lies 
tris diffdrentes." The reader will perceive that this deserh!tlo„ 

He^pW 0^ the Northern 
Applying the preceding observation to desert plants -—if a 
verti^l “ <* -to 0 , ;i: 

*;r 1?- 

* ^ Aoy. Aticr. Soc., .89,, p. 490. 

Op. CU., p. 157 (suproy p. 3). 
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are in the leaves of sucli plants as develop their foliage during 
the rainy season as annuals, or in “ Nile-valley ” plants which 
happen to secure a place on the borders of the desert. Such 
have a more or less characteristic spongy parenchyma on the 
under side, while transitions from this to true palisadic tissue 
are easy to be found. 

The typical chlorophyll tissue in leaves of true desert plants 
is therefore palisadic on both sides, the cells being arranged 
in from one to four, or even five superposed rows. Tliese 
sometimes meet in the middle {Zizyphns Spina-CJn'isti) ; in 
others there is a central laj'cr of short rounded cells (^Cassia 
ohovata), the usual lax merenchyma being entirely wanting. 

In addition to the typical palisadic cells at right angles to 
the surface, large cells, palisadic in sliape, may be arranged 
in cylinders around the fibro-vascular bundles, lliis is ])ar- 
ticularly well seen in grasses, but within this cylinder is a 
second, of chlorophyllous cells, which are quadrate and short 
in form. This peculiar arrangement of a double cylinder of 
green cells is not confined to grasses, but occurs in exogens, 
as Trihulua alattis, Atriplex Halimus, <fcc., so that in all c:ises 
tlic fibro-vascular cords are densely embedded in chloropliyllous 

tissue. 

In some cases the inner sheath is colourless and acts as a 
water-storage tissue {OlvjomerU suhulata). It is, I tliink, really 

homologous with the endoderm. . 

M. Dufour* found that chlorophyllous tissue is much more 
developed in sunlight than in shade; and it may be added 
that a similar phenomenon occurs in Alpine plants and plants 
of high latitudes as compared with the same species growing 
at low altitudes and latitudes.^ In these cases the deeper 
green tint is also due to the uninterrupted sunlight. Hence 

' Ann. dcs Set. Nat. Bot., Sdr. 7 , to®- v. P- 3 '*' 

2 Ibid., 1879. 
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it is not surprising to find the chlorophyll tissues roach a 
high development under the intense liglit in the desert 
whether from the sun direct or reflected upwards from the 

Ligneous T.ssuEs.-Messrs. Dr. D. IL Scott and G. Brebner 

ave described' the histology of AcanfhoHmum r,luv,accum 

and Professor D. Oliver had prevLsly elZ 

Th^s “'•‘t as well (CanjopljUea) 

These are both desert plants, and I might now add a great 

many more anomalous and sub-anomalous stems of pfants 
Volt Z African deserts, some of which Dr G 

dedtThle fTo, f f -“I The general conclusion 

all due to X“cl f- t I--'i»«ties is. that these are 

•1 due to the climatic conditions under which thev orow 
^mming them up, they may be enumerated im followl 

mcdtXv'ravr'fX/^*’"^"*'^ lignifioation, with an absence of 

-en, 

isolated and embeddoJ • ® ^ ‘ ‘"ss 

manni/era. Anabasis artic'tAatZZ ThX'^ d 

» b. .1,, „„ I, Ob,., |,„ 

™ ... .«b,. “ ;T:r:; s., “ 

= r'' p- ^59- 

-0.««orarf«-^,yj,n.cA-Jra«,eAr„ WOsts i-c 
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formation of wooil, which may be correlated to tlxe in- 
sufficiency of foliage during the liot months.' Perhaps the 
curious cavities described 2 by Professor D. Oliver in a species 
of AcantliolimuDL as occurring in the wood may be attributed 
to the same cause. 


As other examples of anomalous stems, Dr. Volkens de- 
scribes and figures that of Gypsoi>hila Rokejeka ; the pericycle 
(wliich is often very active in tlie Caryophylleffi) puts on a 
very dense zone of thick-walled sclerenchyina in lieu of 
xylem, wliich in this plant is comparatively feeble. A similar 
result occurs in 2'elephium sphverospenmtmy of the allied order 
Paronychiacese. I have found an analogous result of pericy- 
cular activity in Iphiuna mucronata. Inside a cortex there 
are zones of square, oblong, or irregular-shaped patches of 
sclcrogen embedded in a parenchymatous tissue, ^ and only 
isolated patches of xylem around the medulla, all being 
embedded in a “ stereorae-zone." Astragalus Forskali has a 
very anomalous stem. It has large cords of liber outside a 
zone of cork, then another scries outside the phloem, a third 
comi>leU zone in the middle of that tissue. An anomalous 
xylem follows, surrounding a medulla, in the centre of which 
is a column of collcnchyma ! To this I would add the stem 
of Anabasis articvlata, which has only rudiments of leaves, 
opposite and distichous. AU the elements, as seen in a 
transverse section, make up four series of crescent-shaped 
structures around an hour-glass shaped pith. Taking a 
“wedge," there is sclercnchyma forming the angle, then a 


1 I find that Grisebach confirms this idua, for in speaking of the parti- 
ally developed wood in Haloxylon Ammodcrulro^h he says “La suppres- 
sion du feuillage ddtern.iue la croissance incompl 5 te du corps ligneux. 


Ltt yOj. <lu Globe, i. p. 630. 

Loc. cii., tab. 51, fig. 24 - 
3 Pr. Volkens figiires a section of a young 

have noticed the development of pericycle. 


stem, but does not appear to 
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zone of large vessels and wood fibres, then cortical parenchyma 
and sclerenchyraa outside. 

It may be observed tbafc the four wedges rougldv resembling 
a Maltese cross liere appear to be correlated to the positions of 

the rudimentary leaves, the xylem tissues failing just wliere 
no leaves occur. 

As long as tlie shoots are young and green, one may add to 

the above peculiarities of the stem the great tliickiiess of the 

cuticular surface of the epidermis, which is not infreipicntly 

clothed with hair like tliat of the foliage ; the great dei>th of 

tlie palisadic layer, which often consists of three, four, or 

more zones of elongated cells (c.y., ZiUa\ tlie cortex acting 

as a storage tissue for water, subsequently passing over into 
cork. 

Now when we observe how often the cliflerent members of 
the tissues of the stems of woody desert plants are tims variously 
dispersed and constructed, while at the same time there arc 
certain general features very commonly observed throu'diont 
I think we cannot fail to arrive at the conclusion that° these 
structures are simply the outcome of tlie environment in which 
such plants live. This view is corroborated by c.vperiments, 
for they prove that the great tendency to liguiHcation of the 
tissues, ^ already shown for the spinesceut features, is a result 
of a deficiency of water, and they at once tend to disappear 
when desert plants grow in an ordinary prepared soil of cultiva- 
tion. This, for example, is well seen in several species which 

plant of /Itf/n myng, -aides already aUuded to, which was 
mised from seed in Cairo. The spines were quite flexible, the 

waM tv “"'1 

culUvatlon " '“^er 

We have also seen from Duchartre’s experiment with Dios- 
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corca Batatas that the absence of water is a direct cause — in 
conjunction with the responsiveness of protoplasm — of a com- 
parative increase of lignification. To tliis we may add the 
great defection of foliage in the hot summer months, when the 
formation of tissues is proportionately arrested. We can thus 
realise how anomalies in the structures of the stems may well 
be expected, though we may not be able to explain in the case 
of every individual stem the direct connection between cause 

and efTect. 

Water-Storage Tissues.— One of the most characteristic 
features of desert plants is their system of storing water. 
Commencing with the epidermis, cerUin of the cells form 
rounded or oval elongated bladders bulging on both sides; 
or they may elongate into liairs, the lower part acting as a 
storehouse of water ; or they may assume the form of bladders 
sui.ported on short pedicels. As an example is the familiar 
ice-i.lunt which occurs about Alexandria, being so called because 
the water-cells are so conspicuous over the surface of the leaf. 
Many other plants are provided with them, but they are not 
so conspicuous to the naked eye. Thus species of Re.seda as 
R. arafnea, Gia^sophila Rohejeka, MaJeobnia <v<jyplxacaJlehoiro^ 
pium arhainense, Hyoscyamus mjiticus,' &c. Airiplex lenco- 
cladum has globular water-ceUs on slender supports In this, as 
in Atrivlex llalbmis, the hairs finally collapse, and by sticking 
together form a sort of protecting sheath all over the surface 

of the leaf. . 

1.1 the interior of tl.e leaf the ehlorophyll tissue is sometimes 

so abundant that the leaf is perfectly green througdiont ; .1. 

other cases the central tissue is nearly or (piite devoid 

‘ The epidermal water-cells give a pale green colour to . 

render it difficult to dry completely, except after many a^ bjl 

perhaps because the water in all the plants is more or less th.ckeneh y 

gummy or other matters. 
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chloropl.yll grains and acts as a storage tissue. In Atriid.'x 
Huhmus the outer layer of tlie palisade cells is clear and 
uti iscd as storage, while in some, as Nil, ana refusa, laroe 
isolated storage cells lie embedded within the palisadic tissue ■ 
some others of the elongated cells being reservoirs of tannin. 

Uf the above varieties the central storage ti.ssues is the most 
important, and is well seen, as it occupies by far the greater 

nd Alo,'. Sign. Arcangcii has lately observe, 1 that Atripl.x 
nammidarm posse^es below the epidermis of the leaves an 
uncoloured parenchyma which covers the assimilative layer 
and represents a tissue of water-storage.' ^ 

In stems, the cortex and medulTa act as storage tissues 
ornier gradually passing into cork, which of course is 
a gr^t protective tissue in many desert i.lants 

Of suliterranean structures, the bulb scales of species of 

and not starch-storC'tilu^ ^hU f 

loborated on quite independent groundl^b^ hL F Sekl" 

SSSiSSl 
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■ He distinguished them as tuoerous or bulbous grasses and 
tunicated grasses. Tuberous grasses are such as Phleum pra- 
tcJise. var. iW(Josum, Gaud., and Arrhrnathernm avenac.eum, var. 
nodosum (Arena nodosa, L.), of which one or more of the basal 
internodcs of the culm and shoots attain a tuberous develop- 
ment ; while Poa hulhosa, I., represents a bulbous grass, since 
the bases of some of the sheaths of the loaves have increased 
in thickness, and form a bulb very much like that of Allium. 
He observed that these tuberous and bulbous forms ojihj occur 
in countries with periods of dry seasons, and none have been 

observed in the moist parts of tropical regions.' 

It is very interesting to learn that tlie author does not 
consiiler these tubers and bulbs to be reservoirs of starch 
or sugar, as are the similar organs of LiUare<^, Iridace<^ &c., 
thomdi being structurally homologous with them ; but physio- 
logicrUly they arc water reservoirs, just as Dr. Volkens main- 
tains with regard to the tuberous roots of species of J^.rodium 

in the deserts of North Africa. , , „ 111.. 

AVhat is iiarticularly to he noticed is that Hackel has 
shown that Poa bnWosa, on being cultivated in luoi.st soil, 
almost lost the bulbous character, clearly proving, there- 

1 Dr Aitchison observed Poa buJhosa to be “tl.c n.o-st common grass 

covering the great plains of Heluchistan.- (Op. p 432, ; 

Sir j"d. Hooker, speaking of desert plants, writes as follows Thm g 
• 1 1.. forms tbev niav be, and often are, themselves v.arieties or races 

rtTlpecii-s that inhabits more fertile apota, as />oa which is a 

V will markeil and constant form of P. praUn,h. occnrrmff m dry 
W soil from England to North-Western India, its ' meadow relative 
brine a very variable species in the same countries, and always strngg mg 
J^rrexiltelce amongst I'lther grasses, *c.”-/n,ro<fnc. fo P,o,a of 

^ E’:^r;'o’sl!dmits r.ora":r;he British Isies,’’ 3rd edit. .884, thi^a.ithor 
"„i^"^V"oc'kTg^i,dtVa,ta, hnt not in the deserts of Egypt. 
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fore, that these productions are the direct result of a dry 
environment. 

As another instance, of Panicum Imlhosum, 11. B. K. (regarded 

by ilunro as a variety of P. maxiimwi), of Southern United 

States, it is said » Its bulbous root-stocks contain a store of 

moisture which enables it to endure a protracted drought.” > 

These tuberous swellings on grasses arc therefore clearly 

analogous witli those on the roots of Erndium. Thus E. 

hirfum has globular, potato-like tubercles; E. Jlussoni, finger' 

^laped ; and long, spindle-like roots occur in E. (dancojdiyUum. 

They all conhun a storage tissue }>rotccted externally by a 

strong many-layered cortical coating. Their position bcin- 

between the absorbing root-apices and the foliar transpiring 

surfaces, they act as reservoirs and regulate the supplv o^f 
water. ^ 

Bulbs of specie.s of Allium, as A, Cramcri, &c., are similarly 
adapted to the desert, storing water witlrin the inner scales, 
while the outermost series become almost woody in texture 
as a protection against the liot sand in wliich they lie. 

The cortex of roots acts as a storage ti.ssue in many plants, 

^ m Giipwpht a Rokejeka and grasses, such as species of 
Danthoma, while the axis in both is densely woody. 

A cause may he suggested for the development of the 
liypertrophie condition of the cortex and medulla of roots 
which act as water-storage tissues, in the excessive heat which 
the sand surrounding the roots aegiiires from the sun. In the 
hottest months .and hours of the day, the temperature, ac- 

isr '"xr ' sometimes rises to about 130” F 

Kow M E. Prillieux » has shown experimenhally how an 
abnormal evooss of heat in the soil affects the roots of bean " 

^ Kew Bulletin, &c., Nov. 1894, p. 383. 
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&c., in a precisely analogous manner, by enlarging the cells 
of the cortex and pith. While, however, in this latter case 
the distention of the parenchymatous tissue was, of course, 
abnormal and patliological, in the desert plants it has become 

a characteristic, important, and hereditary feature. 

Battandier also calls attention to the fact that there are 
T)lants in winch certain buds swell into tubercles capable of 
enduring the dry season, while the rest of the plant perishes ; 
such are Saxi/rarja (,lohuhfera and Sedum amplexicaule. In 
Malta there are several species of lianunculxts, such as R. 
hullaius, which produce “root tubercles,” which are thus 
enabled to survive the parching summer, and can live tlmrc- 
forc in the most exposed surfaces round the fortifications of 
Valetta. Romulca Bulhocodium and Jris Sisyriuchtum arc 
similarly enabled to live and abound in barn-n rocky ^ound 
of Malta. This island has also fifteen species of Alhwv, 
nine of and eight of as well as many other 

bulbous plants, which can thus survive the intense summer 
heat to which they are subjected ; annuals being in a deeded 

minority, except as weeds of cultivation. 

From Ilackel’s observations on the tuberous processes 

i„ trasses which are formed in dry sod and disappear elsc- 
wlmre, we at least have a strong suspicion if nothing more 
that all such structures arc the outcome of the environment 
itself This is also the conclusion of Mr. Scott Elliott who 
notices how numerous are bulbous and luherous plants in 
the Karoo of S. Africa. He says Many orders have deve- 
loped bulbs which usually show no trace of ‘ 
whole section Hoarea of Pelargonium is hulbous. This 
feature he attributes to the “direct influence of the climate. 

Finally, with regard to the origin of water-storage tissues 

1 Notes on the Regional Distribution of the Cape Flora , Trans. Bo,. 
Soc. Edin., 1891. P- 241- 
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genemlly, I would suggest their being primarily duo to tho 
accumulation of water within tlie plant in consequence of 
the arrest of transpiration. Tliis latter function is imi)edcd 
hi turn by the formation of a thick and often waxy cuticle 
and a dense clothing of hair, as well as by tlie secretion of 
substances (such as tannin, gum, mucilage, resinous matters, 
salts, &C.) which thicken the water and so render it less 
capable of vaporisation. But all these features, which thus 
bring about the very best structures to enable tho plants to 
survive the injurious effects of the climate, are simply the 
direct outcome of the excessive heat and light coupled witli 
the deficiency of water in the desert. 

Secretions. — These are of various kinds, and appear to 
play an important part in arresting a loss of water. Thus, 
tannin is abundant in some desert plants, betraying itself by 
a yellowish appearance in the epidermal cells Ero~ 

diuniy Astragalus^ Tamarix, lAnaria^ Centaurea, ttc.), as well 
as of course by the agency of iron salts. Dr. Volkens alludes 
to Warming’s suggestion that tannin, in connection with the 
hygroscopical capacity of acids, would afford a protection 
against dessication. ^ In alluding to this supposed use of 
tannin, it* may be mentioned that Sachs regards it os a waste 
product in metabolism, 2 though fungi when attacking oak- 
wood appear to consume it.^ 

On the other hand, Mr. S. M. Moore remarks that 
“tannic acid may have a more general relation to the tur- 
gescence of cells. Moreover, tannin is most likely used up in 
the lignification of the cell-walk”'* As lignification is a pro- 
minent feature of desert plants, there may bo perhaps more 
than a mere accidental coincidence, 

* Zur Fl/>Ta dcr j£gypt,‘Ar. WHsU^ Slizzc, p. 14. 

* Phyaiology, &C., p. 328. s Sachs, op. ci(., p. 338. 

* Joum. lAnn. Soc, Bot.y xxvii. p. 538. 

F 
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Another kin<l of secretion is that of strong-scented ethereal 
oils, glandular hairs being a common feature on desert plants. 
Species of AHemisia are characteristic plants of the deserts of 
Africa and Beluchistan ; Pulicaria arahica has a particularly 
powerful odour. Since Dr. Tyndall has shown how minute 
quantities of such oils diffused through the air are capable of 
arresting radiant heat, it has been suggested that this is one 
of the many resources to which desert plants appeal, in order 
to reduce the ill effects of the heated atmosphere which sur- 
rounds them ; and, just as the presence and quantity of opium, 
hasheesh, aconitine, &c., secreted by plants vary greatly with 
the climate, so is it reasonable, in the absence of strict investi- 
gations, to assume that these oils are in an excess through the 
intense heat and other conditions of the climate of deserts. 

Another of the more interesting secretions may be here 
mentioned, viz., of certain mineral salts, which by their liygro- 
metric properties enable the plants to absorb dew from the air 
during the hotter months and thus transmit it to the tissues 
within. Reaumuria hirtella^ species of Tamarix^ Frankenxa 
pulverulenta, species of Statice^ and Cressa are the more re- 
markable instances. The first-named plant having developed 
its new foliage in early spring, when water is comparatively 
copious, the leaves in the early morning appear covered 
with dew-like drops, no doubt due to root pressure. As 
the sun mounts the water evaporates, and the plant is now 
covered with a dust-like secretion of clilorides of sodium, of 
calcium and of magnesium, the two latter being in less pro- 
portion than the first. There are special two-celled glands m 
the epidermis which secrete these salts. Later on, after the 
rainy period is over, these excessively hygrometric salts absorb 
dew, whicli is then transmitted to the interior of the plant, and 

* See Mr. J. Wilson'e paper on “ Mucilujfe and other Glands of the 
Pluinbaginea).” Ann. of Bo(., iv. 1S90, p. 231. 
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thus enables it to retain its bright green cliaractcr all through 

the hot season.* In a similar manner a largo number of very 

lofty Tamartx trees grow outside Cairo, but not quite on the 

desert. They never receive any water by artificial irrigation 

whatever, yet are in a very flourishing condition. 

Halopliytic plants, and others yielding ethereal oils, though 

not uncommon in the Egyptian deserts, in consequence of the 

general presence of salts in tlie sand, are of coui-se especially 

characteristic of more saline areas, as of the Asiatic steppes. 

Tliese extensive regions agree with the more southern deserts 

in excessive aridity and heat, and consequently wo find the 

same characteristic features in the plants of both alike, such 

as the production of spines, hairy epidermis, saline sap, and 

the secretion of ethereal oils. The ClienopodiacecB arc especially 

characteristic of both regions, the salts of soda imbibed by the 

roots and retained within the plant rendering the water loss 
easy of evaporation. 

■ I had a curious experience with this plant when drying it in a press 

hTtr'e^ ' Hre“"“'”’ ‘'‘“r'"® Bothered specimens in the usuaUvay 

■ ^'r H ^ proceeded to change them after three days To 

t rfh “h-™- 

under st^ng preLur^”' Tim ZT h'd 

frr - 

a- ‘r'r ^hz-zi-. 


Op. eit., p. 38 (supra, p. 44), 
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Similarly there is a great secretion of ethereal oils in con- 
sequence of intense heat. Thus Grisebach observes that Arabia 
is on this account distinguished by its aromatic and resinous 
plants, of -which several are equally indigenous in the steppes 
of the East.^ While, however, these environmental conditions 
are the direct causes of the secretion of the oils, tannin, salts, 
(fee., these latter in their turn aid in checking the loss of water. 
Thus Grisebach observes : — “ Les liuiles ^th^rtSes paraissent 
i*galement agir d’une mani6re restrictive k Tigard de la d^pense 
de la vapeur aqueuse, lorsque les organes de vegetation sont 
richement pourvus do ces 6l6ments aromatiques. L’huile 
s’tivapore plus facilement que Teaii, et entoure chaque feuille 
d’une atmosphere impr6gn6e de vapeurs odorif^rantes. On 
sait que les vapeurs de substances differentes restent ind( 5 pen- 
dautes les unes des autres dans un espace qui en cst satur^, 
mais il n’en est pas de meme lorsqu’elles sont d^gag^es avec 
rapidite des liquides, dans des conditions oil il ne peut etre 
question de saturation. Sans doute, cetto rapidite est retardde 
en presence d’une autre vapeur susceptible de se produire 
plus aisdment. C’est Thude dthdrde seule que la plante rejette 
comme une substance d’dvacuation, tandis qu’elle doit retenir 
autant que possible I’eau de sa s6ve, lorsqu’il s’agit do pro- 
lon<^er la durde de ces fonctions vitales. Un role de certain 
importance pourrait dgalement revenir au phdnomdne de r^ 
frigdration produit par I’dvaporation, au moment du passage 
rapide des huUes dthdrdes k I’dtat de vapeur, phdnomdnc q«i 
rdagit centre la tempdrature communiqude par I’lsolation aux 
feuilles, dont le degrd de chaleur ddtermine aussi la marche de 

Mount’ Sinai appears to show like characteristic features 
of desert plants to a considerable height, viz., 7035 fee , 


Vig. du Globe, i. p. 628. 


» V 4 g. du Globe, ii. p. X29. 


2 


HISTOLOGICAL PECULTAHITIES OF DESERT PLANTS 85 

Mr. R. M. Redliead, in some notes upon the flora, remarks : * 
—“During our ascent of Gebel Jlusa, followed by tliat of Ras- 
es-Safsafeh, two points especially struck me, first, the great 
preponderance of scented and especially labiate plants ; and, 
secondly, the very woolly, tomentose character of those not 
labiated.” He also speaks of “a very fragrant Tatiaceium or 
Artemzma with pinnated downy leaves. , . . Sa/ureja ma7itana 
and S. Juliana (I think) have an odour greatly resembling 
the incense used by the Greek Church, and are gathered by 
the monks for some ecclesiastical purpose. Salvia clamlestina 
has woolly pinnatifid leaves.” This last-mentioned species of 
Salvia a most variable one, and has given rise to much 
discussion and nomenclature. If, however, the effect of the 
enviranment be kept in view, which causes the variations, 

I think the passage from the European S. Verhenaca with’ 
large flowers and glabrous leaves to the S. European and 
desert forms, will be probably found to be exemplified by 
a ^adual reduction of the leaf so as to become more deeply 
indented or of the “ coronipifolioid ” type, and by the glabrous 
surface passing through a pilose condition till it becomes 
tomentose, as described by Uv. Redhead j wliile the flowers 
adapted to insects run through the usual degradations till 
they become cleistogamous. Bentham thus speaks of S. 
cotUr^ersa, which S. clandmtina connects with S. Verhenaca .*2 
t appears that in the ordinary clandestine state of this 
^ant the coroUa is abortive, as frequently occurs in , 8 . 

st!tfo^>'' especiaUy in their more southern 

General Summary op Observations on Desert Plants — 
Veiy many additional instances might be given in illustration 

Sinai ; ^aur». Ztnn. ZoL, 

* Labiato, p. 719. 
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of each of the preceding observations ; but enough has been 
stated to bear out the contention, first, that we are justified 
in concluding from innumerable coincidences between environ- 
ment and structure that there is some common relation between 
them of cause and effect; secondly, that all parts of plants 
are subject to variations, and that while, on the one hand, 
they may be merely casual, accidental, transient, and of no 
classificatory value whatever, yet on the other they may be- 
come more and more persistent and characteristic, and thence 
hereditary, affording the systematist features which he may 
pronounce as varietal or specific, as the case may ba Lastly, 
seeing how by experimental evidence plants can lose or take 
on such characters according as they are grown away from 
or in the normal environment with which they are associated, 
the cumulative evidence amounts practically to a demonsiratton 
that varietal and specific characters are solely acquired through 
the direct action of the environment, in conjunction with the 
responsive powers of protoplasm. 



CHAPTER IV 

ORIGIN OF THE STRUCTURAL PECULIARITIES OF ALPINE 

AND ARCTIC PLANTS 

Climatic Conditions of Alpine Regions. — High Alpine 
and Arctic regions are generally marked by well-known 
climatic conditions, of which aridity is perhaps tlie most 
characteristic. During the summer a very considerable tem- 
perature is acquired on the southern slopes of mountains in 
the Northern Hemisphere, in consequence of the rays of tlie 
sun falling in a more nearly perpendicular direction upon them 
^is is greatly favoured by the highly rarefied atmosphere. 
On the other hand, as the hot air arises from the valleys, its 
heat is changed into imrk, which tends to expand and so 
make the air more rarefied than below; while a powerful 
radiation, especially from snow, produces a corresponding de- 
gree of cold at night, though the light and heat may have 
been very pronounced during the day. Thus, for example, 
Drs. Hooker and Thompson, in speaking of the ahsenco of 
cryptogams in the Alpine regions of the Himalaya, observe : 

ihis IS no doubt mdirectly due to the elevation of the 
region, and directly to the sudden accessions of great heat 
and drought, which are the effects of a highly rarefied atmos- 
phere. Alph. do Candolle also remarks La rareto do 
air dans les regions superieures et I’action plus intense du 

^ Flora Indiea, p. loi. 
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soleil augaientent, il est vrai, r<^vaporation. . . . Dans les pays 
tropicaux les images, qui stationnent a une certaine hauteur, 
font qiie la secheresse est infiniment plus grande au-dessus 
qu’au-dessoiis de cette limitc.” M. Heckel also speaks of a 
similar aridity in liigli latitudes as follows : — En Scandi- 
navie, I’atmosphcre beaucoui) moins saturce d’hiimidit^, en 
raison nieme de la plus basse temperature et action prolongde, 
beaucoup plus que chez nous, de la lumiere pendant touts la 
saison propice iv la floraison,” &c.^ 

Up to tlie limits of the tree-line mountains are character- 
ised by great moisture. Humid winds from below clothe 
the mountains with belts of forest trees, which again them- 
selves tend to increase the amount of moisture at the same 
elevation. Above them, however, the converse conditions 
obtain. The cold becomes greater as the heated air rises 
from below, and then its heat disappears (is heat, being, as 
stated, converted into working energy in expanding and 
rarefying the air. Evaporation and radiation consequently 
become excessive, especially from snow, as Sir J. D. Hooker 
says : — “ Snow radiates the most powerfully of any substance 
I liave tried ; ” and he adds, “ It may account for the great 
injury plants sustain from a thin covering of ice on their 
foliage, even when the temperature is but little below the 
freezing-point.” ^ 

Correlfited with these environmental conditions are struc- 
tural features characteristic of the plants frequenting high 
altitudes. Very similar peculiarities arc also characteristic 
of plants growing in high latitudes ; so that the vertical 
range of plants, as is of course well known, is comparable 
with the latitudinal range. 

J Sttr VlnUn^iU <lu Coloris ct les Divietisuins eonsulirahles dcs Fleurs aux 
Uautes Altitudes ; Bull, de let Soc. Bot. de Fr iSSji p. 1 5®* 

* Op. cit., p. 410 [supra, p. 87). 
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In some respects, as in liaving great aridity and a power- 
fill liglit, Alpine regions resemble those of deserts of low 
latitudes; but of course the temperature being so dilfercnt, 

the effects on plant life are also very greatly different in 
some ways, while they agree in others. 

General Features op Alpine PLANis.-Speaking gene- 
rally, the features cbaraeteristie of Alpine plants may be 
enumerated as follows A dwarfing in sire, or “ nanism • ” 
a compact habit of growth, sometimes giving a moss-like 
appearance and furnishing the specific terms “ muscoides,” &c. • ' 
a certain degree of sueculency in the tissues ,•= an intenser 
green colour than obtains in similar plants growing in the 
plains at lower levels; an increase of hairiness on the under 
If not on both sides of the leaves, which may also have ciliated 
margins ; a greater degree of hairiness may be also shared 

beini el "T ’• r tomentose condition 

and size of the flowers, and a perennial habit of growth. 

The above features are such as may he generallv con 
trasted with those of similar or allied plants growing at 
lower altitudes ; but it is not to be understood that all 

but of them may be o//e» noticed on observing Alpine 
plants as a whole, and that relatively more frequently than 
nr plants generally frequenting lower situations. ^ 

Plantago alpina is ideuticallv the k ' ustrates this fact; while 

Heffmati. Unicr.uchen iiher Variation, p ^ *^<:cor<Iing to 

to the lir" - mai^ee 
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Uliat these features sliould also be found, ccuteris parihiiSy 
in Arctic plants is not strange, for several Arctic and Alpine 
plants are identically the same species,' and the latter are 
believed by many botanists to have survived on the summits 
of more southern mountains of Europe, since their disper- 
sion from the higher latitudes after the close of the Glacial 
Epoch. 

The climatic conditions of high altitudes and high lati- 
tudes have often been compared, the aggregate amount of 
heat in each during the summer being roughly comparable. 
But in the Arctic regions the duration of sunlight is diur- 
nally long, the rays being very oblique ; while on the southern 
slopes of the Alps, at least, the heat is gi’cater but its dura- 
tion shorter. The prolongation of sunlight compensates for 
the lesser aggregate amount of obscure lieat-rays in the Arctic 
regions. 

Tlic general result, therefore, accruing from the greater 
degree of cold in botli regions, coupled with a correspond- 
ing aridity — always allowing for local exceptions — is that the 
average conditions of the environments become on the whole 
approximately alike, producing a certain amount of similarity 
in the facies of tlie floras. 

Besides the well-recognised Alpine flora of Great Britain, 
which is so well known that I need not enumerate the plants, 
there are several which either do not belong to it or have 
varieties or kindred species which are Alpine ; and when this 
is the case these latter assume one or other of the normally 
Alpine features. Thus Caltha pahistris is an ordinary marsh 
plant, but the dwarfer variety, minor, with solitary and smaller 
flowers, occurs in mountainous places. Again, Caltha rmlicans, 

^ For pljints common to Spitzburgeii .and the AIixh, Ac., see La 
tityn du Spitzberg compare tl ccUc dc$ Atpes ct dts Pyrin^ea, par Ch. 
IVlartius, 1865. 
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only known in Forfarshire, is said to have been found in East 
Finland. It may, therefore, be a relic of the Arctic flora. 
Alcliemilla arverisis is a lowland plant, but its variety montana 
IS dwarf and silky, approaching the intensely silky species 
A. alpi-na. Planta^o maritima is somewhat fleshy, being a 
maritime plant ; but it appears to bo identical witli P. alpina, 
allowing for vai-iations. Oxyria is also sub-fleshy. 

Now, as most of if not all tliese features characteristic of 
Alpine plants enumerated above have been proved by experi- 
ment, as will be described hereafter, to be the direct outcome 
of a residence in the environmental conditions afforded by an 

Alpine climate, we are quite justified in regarding the latter as 
being their direct cause. 

With reference to the special adaptations which they have 

assumed M. de Candolle * deduced the following laws as 

applicable to plante growing in high altitudes as well as 
latitudes. 

1. “The power of each entire plant, or part of a plant, to 
resist extremes of temperature bears an inverse ratio to the 
quantity of water it contains." As Alpine, like desert regions, 
are naturaUy and to an excessive degree, the environment ac- 
tuaUy brings about the very peculiarities of the plants which 
enable them to resist the difficulties of their position. 

2. “The power of resisting cold [and heat] is in a direct 
ratio to the viscidity of the juices which a plant contains ” 
which are therefore dried up less readily if the heat be great 
^ in the deserts. “ This may be one reason why resi^us 

S the “‘I that 

tions of the Ptmmem are, however, the actual outcome of the 


* Quoted by Daubeney, “Ou Climate,’' 
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dry cliraatal conditions under which they thrive. Conversely, 
Sir J D Hooker remarks on the absence of many useful pines 
at a high elevation near the Tibetan frontier, where they 
mi^ht a" priori be expected, if it were not for^ the humidity ; 
foi^he says that Abies Brunoniana and A. Smithiana growmg 
at Lamteng fail to produce any quantity of resin, topentine, 
or pitch, a fact “ which may perhaps be accounted for y e 

liiimidity of tli6 clirn^xto* ^ ♦ t ♦ 

“The resistance to cold in a plant is in tie inveree 

ratio to the mohility of its juices, just as ive find that water 
may he cooled several degrees helow the freezmg-po.nt without 
passing into a state of ice, if only kept undisturbed. 

4 “The larger the diameter of the vessels and 
a plant may he, the more liable it is to injury from fros i 
just as we find that water becomes solid much sooner m w d 
than it does in capillary tubes.” Perhaps the absence of 
vessels in the rinacem is correlated with this law. 

5. “ The power of resisting extremes of 
a Lect ratio to the quantity of air entangled between the 

parts of the vegetable tissue. ^ organs 

“The down which covers the exterior of certain or 

in many plants [is] a protection from 

fas in the deserts] and excessive cold [which 

Ldiation in the high Alpine regions], in consequence o h 

air contained within its meshes, which serves to prevc 
the rapid transmission of heat either from without or from 

The point, then, which I maintain is that 
aridity, the brilliancy of sunlight, and the grea , , 
from Liation are the actual cairses which have hrojig" 
all tlie peculiarities of anatomical details which 


1 Him. Journ., Minerva edit., p. 3*^- 
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Mgh Alpine vegetation ; and that these structures themselves 

ren er Alpine plants best fitted to survive, being in direct 
adaptation to their environment. 

I mil now consider special peculiarities of Alpine plants. 
NANISM.-The dwarBng of ligneous plants, such as willows, 
birches, beeches, firs, &c.. whether on high mountains of both 
worlds or m ^ctic and Antarctic regions, is too well known to 
b emphasised here ; but the same rule applies to shrubs and 

of thT Hoek^*M^' manual of the Botany 

^ y llountauis, as Mr. Cockerell observes,* “ Thirty 

nme varieties are described which are peculiar in part at least 

for their dwarfed stature ; ” and he adds, that such dwarfing ia 

the result of external conditions can hardly be disputed ” Of 

herbaceous plants he remarks Phlox is a genus of fine 

herbaceous plants; Sdene in its usual forms is not insignia. 

cant m size ; bu^t on the summit of the Colorado MountaiiS wo 

cau“ fio““mLr l'" 

be^me permanent and peeuUar to the spSa"" 
epecies Of He retib^ruS t°h“°“ 

J^e diWsirof le'^eorZ“’beti?r‘''‘t 

ThrvS^yXmd^rr - s 

as he observes, is the list termTf diiLuttntf “"nt t”’” 
Oentiana iwm, D. : M. Th Ritf may come into play." 

95. im (I^^sankeK Jth 

• ^nvrait, Q. brachy^hyUcL Froe] G t drawings of 

imhricata, Schl. ^ <?■ Bish.^and 
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Mr. P. Sewell also speaks of plants growing at an elevation 
of 7000 feet on the Maritime Alps as being “curiously- 
dwarfed.” ' 

The “muscoidal” or moss-like feature of many Alpine 
plants is not unfamiliar to explorers of our own mountains, 
such as Arenaria CherJeri^ Benth. {Cherleria sedoides, L.) ; 
Safjina Linmm, subsp. nivalis; Silene acauUs, L., called “Moss 
Campion ” in Scotland ; similarly Saxifraga Itypnoides and its 
varieties, as well as S. aizoides, &c. : but such forms of plants 
are developed more or less on all mountains of considerable 
height. For example, Signor Bolos writes me as follows from 
Spain : — “ Many species which grow in our valleys and on 
the Pyrenean Sierras (Alpine regions) present in their places 
dwarf forms so distinct from the original type that they 
appear to be different plants or varieties, such, e.y., as Car- 
damine amara, Erysimum ochreleucumy Aquilegia vxdgaris. 

This last is also very viscous.” 

Sir J. D. Hooker whites On the top of these hills 

(of the Palung Plateau), which, for barrenness, reminded 

me of the descriptions given of the Siberian steppes, I founcl, 

at 17,000 feet elevation, several minute Arctic plants, with 

Rhododendron nioale, the most Alpine of woody plants. On 

their sterile slopes grew a curious plant allied to the Cherhria 

of the Scotch Alps, forming great hemispherical balls on the 

ground, eight to ten inches across, altogether resembling m 

habit the curious Balsam-bog, Bolax gleharia, of the Falklau 

Islands, which grows in very similar scenes.” ^ 

Dr. Aitchison describes similar hummock-like forms at 
elevations from 3000 to 5000 feet, in Afghanistan, ^ simi ar 
to the peculiar South American genus Bolax, which vary 
from the size of a footbaU to small mounds twelve feet across 

i Trans, and Proc. Dot. Soc. Edin., 1890, p. 383. 

2 Him. Journ., p. 35 ** 
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and five feet liigli. The plants taking this form are usually 

species of Ananthopliyllum belonging to Canjopht/llece, Astra- 

gains and Onohrychis among Legnminosw, and Acanilwlimon 

and of Plumhagineoi” ^ At an elevation of 5000 feet 

he speaks of “a very moss-like primulaceous plant, Dionysia 
tapetodes.^ 

MM. Bureau and Franchet describe a number of dwarf 
plants from Tibet ; for the flora of tlie region where tl.ey 
were coIIectc<l is marked by the stunted form of tlio shrubs 
and dwarf character of tlie herbaceous vegetation “ It is 
characteristically a vegetation of high peaks, where drou<.ht 
and strong winds are the main climatic features. The Pana 
uaracem are represented especially by dwarf, largo-flowered 
kmds of MeconopsU The greater number of the species of 
C^jdahs are not more than two or three inches high The 
Om^fercB, such as Pamja ciliaris, in the same way are' dwarf 
and large-flowered. Silene c<^y,Uosa may be compared with 
e most dwarf states of S. acatUis of our own high mountains. 

a ^fL ““Stitutes only a small bush about 

T a branches. But it is especially 

n the Khododen^ons and Primulas that this dwarf character 
s remarkable. All the Rhododendrons and Primulas found 
tetween Lha^a and Sitang-J?. pn»»p,s. R. primula:flo,-u,H, 
A nigropunciatum, Pri,nula leptopoda, P. diant/m, fnd P 
Aenmr— may be ranged among the dwarfest types of the 

The Tibetan spec.es belong to a group found also 

3 P- 37). 

••The Natural of plr "LT’ -vferred te 

where a ecene iu Now Zealand is ^ve/with™'^^"/* a 

the so-called » vegetable sheen -^1 f f ' and Sinclairii, 

getawe sheep, represented as growing upon the rocks 
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in Kansu and Central Yunnan, with stems almost obliterated 
and corollas very large.” ' 

In the Southern Hemisphere there is the familiar Nertej-a 
depressa of cultivated plants, and if we travel further south- 
wards we should find Drapetes muscosa{T!iymelaceie) occurring 
in Kernite Island and the mountains of Antarctic America; 
Bolax gleharia, aUuded to above, which forms hemispherical 
balls on rocky clay-slate in the Falkland Islands; Azorella 
SelagOy the most abundant plant in Kerguelen’s Island ; and 
the unique LyalUa Kerguelensis also on Kerguelen’s Island. 
Lastly, Goudotia tolimensis represents a Hepatica.^ 

Such are a few of the innumerable instances of nanism 
which applies to trees, shrubs, and flowering herbs of all 
kinds which are capable of living in high Alpine regions and 


in high latitudes, Arctic and Antarctic. 

Causes of Nanism.— Though the general or perhaps the 
chief cause of nanism on mountains and high latitudes is un- 
doubtedly a low temperature and aridity of the atmosphere 
which checks growth, it must be noted that any cause which 
has this effect may bring it about, and if persisted m for many 
generations begets a varietal or specific type. Thus on our 
chalk downs the soU is often only a few inches in depth, 
and the plants are to a large extent more or less dwarfed. 
Consequently, some are recognised as sub-species if not species 
by systematists ; as, e.g., Onicics acauhs, which, howevei. 
readily produces its stem in a rich soil, and when growing 
among other plants of some height; Erythr^ Centauriun,, 
sub-species capitate^ growing on the Downs of Sussex and the 
Isle of Wight, with a short stem; similarly, the stunted 
character of Polygala caUarea is probably due to the dry soil 


1 From Nature, vol. xUv. p. 260. 

2 Ann, des Sex. Nat., Ser. 3, tom. iv. 1845. P'- 4 - 

3 See De Candolle, Gio(j. Bot., i. p. 3 *®- 
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in which it grows, &c. It is quite conccivahle that a poor 
soil may often contribute to the production of nanism ami 

starved ” forms which become perpetuatc<l, as of Paa rigida, 
and “depauperated” conditions, which, indeed, often supply the 
specific name “ depauperata.” 

A further result arises from the impoverishment of the 
seeds. Thus JI. A. Roujon ^ selected the smallest seeds from 
the least developed specimens of Helianthus annuuf>, of Calen- 
dula arvemis, and Zea mais. In two years he obtained very 
diminutive plants. Of these, maize was reduced in size to 
20 cms., while Calendula arvensis resembled Cicendia filiformisy 
and bore one fiower only. mile the height diminished, the 
number of seeds decreased, the ultimate result being absolute 
sterility.2 Such, however, is by no means always the case ; 3 
for although Vilmorin possessed a sterile dwarf, Ayeratum 
coernleum, which could only be propagated by the vegetative 
system, another plant proved to be very fertile and fixed in 
character. Verlot,-* who mentions this fact, says that 
dwarf races of cultivated plants possess the faculty of repro- 
duction in a high degree. He observes that nanism is com- 
moner with cultivated plants than in wild conditions, and that 
but few kinds of plants have not sooner or later produced 
dwarf varieties, such as the French bean and scarlet runner. 
A:c. He adds that both Lamarck and Linnaeus noticed that 
poor sihcious soils, as well as dry and arid ones, predispose 


> De Variations comidirahles ohsenufes ckcz Its V^naaux 

.ur^ dBizt. Nat. dt Bordeaux et du Sud-Ouest, tom. iii. p. ,56 fs84 

.electing threm„nIL^«dr^fr,^niltr^ !" 

• Sur Ja Pr«du.,ion et h Pl:eaticn dee FariVto, d-e., 1865. 
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j)lants to nanism. This I have myself observed in Egypt. 
Thus I found plants of Ranunculus sceleraius growng near 
the Great Pyramid only two inches in height. Juncus hufonius 
forms little tufts scarcely an inch in height among the rocks 
in Malta ; and Calendula (egyptiaca, which attains to a height 
of two or throe feet in the cultivated Nile-land, is only a few 
inches in height in the desert, ^fr. Cockerel, who studied the 
plants of the Rocky Mountains, attributes the hereditary char- 
acter of nanism to impoverishment.^ 

Some, if not all, of such dwarf wild-flowers would probably 
regain a corresponding vigour and much greater height if 
grown in a richer soil. Such cases, therefore, will not apply 
to dwarfs arising in the usual conditions of cultivation in a 
rich and jirepared soil. 

Though so many dwarf varieties appear under the hands 
of horticulturists, and, if desired, can be carefully selected 
and propagated till their nanism is fixed, the cultivators, as 
a rule, can give no account of the causes which first produce 
this character. M. Verlot, however, found that ho could 
almost raise them at will among many annuals— in which 
dwarfs mostly occur — by sowing the seed late in the season, 
from August to September, and by successive “pricking” out 
of the seedlings. The following is his own account of the 
procedure: 2 — “ Prenons pour cxcmple le Calhojms iinctoria, 
Apr69 I’avoir sem^ en aoat>septembre, nous devrons, dans uno 
culture bien entendue, d^:s qu’il aura developpi quchiues 
fcuilles, le repiquer dans une peSpinitire d'attente, cn laissaut 
entre Ics plantes un espace suffisant pour qu’ils puissent croitre 
librement. Lorsque les fcuilles viendront a se toucher, nous 
devrons n^ccssairemcnt opdrer un nouveau repiquage, que nous 

* Nuturc^ vol. xliii, p* 207. . r^t - 

- i'ur lit Production cl Ut Phntion dcs VariMs dans /cs Plantcii d orne- 

mentf l865> p. 40, 
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renouvellerons line troisidme et peut-ftrc nirme unc qufttrieme 

fois; api-6s quoi nous les mettrous cn place. Or, qu’aurons- 

nous obtenu par ces repiquages successifs? Dcs i)Iantes fortes, 

vigoureuses, fennes, trapues ; nous aiiroiis favoried lo dd- 

veloppement des ramifications inferieures qui se sera ndees- 

sairenient opdrd au ddtriment de celui de la tigo iirincipale, et 

nous anrons ainsi erde un individu comparativemont nain. Si 

maintenant nous rdcoltons des graines sur les plantes ainsi 

cultivces, et que nous donnions les niumes soins aux individus 

qui en naitront, nous obtiendrons, d’annde cn annde, des etros 

chez lesquels on aura fait ddvelopper uno ccrtainc tendance 

au nanisme. En un mot, des graines recueillies sur des plantes 

einsi traitdes pendant plusicurs gendrations seront plus aptos 

que d’autres produire dcs varidtds naines, et ccla cst tellement 

vrai que la plupart de ces varidtds appnrtiennont h dcs plantes 

qu’on peut senier a I’automne, ou bien celles qui, somdes au 

printemps, sont soumises k des repiquages successifs. Ainsi, 

parmi les espdees annuelles quW sdme habituellenient de 

juillet en septembre, les suivantes ont produit les varidtds 

names :—Caiceolariaplaniaffi7iea, Senecio ci'uentus^ Agrostemma 

CcalvRoaa, Calliopm iinctoria, (Enothera Drummoiulii, HeU- 

chrgsum hracteaium, Leptosiphondeimflo^^m, Dianthm sinemU 

bcahiQsa airopurpurea, Schizanthus rehistts, Ibevis umbelJata, 

“ Et parmi cedes qu^on sdme au printemps, et dont les 

plantes sont soumises I des repiquages successifs, nous citcrons 

“ suivantes: Impaiiens Bahamina, Callutephus atne 7 isie, 

J agefes paiula, T, ererta, T. 8i'g?iata,” 

it was due to a similar 
cause, m the case of tho autumn-sown plants, to that whicli 

and “a “ of temperature 

^d a checked vitaUty; because when M. Bomrier grew 

^hanthus tuberous at high elevations, it did not forrTits 

customary tall central stem, but a rosette of leaves only on 
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the ground. Similarly by sowing plants late in the season, 
the temperature becomes similarly insufficient to develop the 
main axis : even the successive pricking out, by repeatedly 
checking growth, may have had something to do with it. 

An analogous circumstance is seen in checking the repro- 
ductive energy in the origin of the garden carrot, as raised 
by M. Vilmorin ; who, by sowing the seed of the wild 
annual plant in autumn, succeeded in fixing the habit of 
flowering in the second season, thereby converting it into 
a biennial. 

As another and quite distinct cause of nanism is by pol- 
lination, M. Verlot writes: — “Un fait curieux, dont nous 
devons la communication u I’obligeance de !M. Mac-Nab, dc- 
montrerait cependant qu’dtant operce d’une certainc manicre, 
la f^condation pourrait produire des individus ayant uno 
tendance au nanisme. ‘ II est une circonstance qu on a rti- 

cemmeiit fait connaitre,’ dit M. Mac-Nab, ‘ et sur lo resultat de 
laquellc on ne doit avoir aucun doute : e’est que les meillcures 
various naines de Rhododendron sont celles obtenues i>ar 
I’cmploi du pollen pris sur Ics petites (Jtamines. Les produits 
qu’on en obtiont, je puis le certifier, sont trfes diff(Srents de 
ceux obtenus par rcmploi du pollen des grandes ctamines. 

M. Bonnier, in a later and more elaborate account,- figures 
and describes the appearance of several species of plants which 
he grew both at a low and a high altitude respectively. Tlie 
latter were dwarfed and much more hairy. Helianthus Utherosus 
formed nothing but a rosette of very shaggy leaves on the 

• Verlot, op. cit., p. 42- See also Darwin’s reference to Nau-iin’s 
experitnenta {NouvdUs Archives du Hfustum, tom. i. p. 27) in raising 
dwarf and impoverished plants by fertilising with only a few grains of 

pollen. “Animals and Plants,” &c., ii. 3^9- 

2 Revue Qin. de Bot., tom. ii. p- 5*3- See also Comptes Rendus, cxl. 

1890, p. 363 ; tom. cxi. 377. 
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ground ; while Achemtlla vuhjaris^ Lotus cm'niculatusy and 
Poientilla Tornientilla formed prostrate instead of erect 
flowering stems. This arrest of the main stem witli a pro- 
duction of a rosette of radical leaves is a common niounUiiiious 
feature. Mr. Scott Elliott* found it to he so in the South 
African Mountains. He says : — “ I have often noticed that 
the commonest form of the plants growing on the summits 
is quite different from that found lower down. Pcrliaps it 
is best described as the Hieracium typo. It is distinguished 
by having crowded radical leaves. It is strikingly absent 
on the lower slopes except in moist places.^ 

The prostrate habit mentioned above is also characteristic 
of many AJpine plants. This is well seen in the creeping 
willows, &c., at high altitudes in Switzerland. Dr. J. A° 
Henriques, of tlie Botanic Gardens, Coimbra, tells me that 
Junipa^us fuxmz modifies itself in a similar manner on the 
Sierra da Estrella, the highest mountain in Portugal: “Dans 
les regions 61ev^es (1900 m.) tons les rameaux sont tout a fait 
farms et la plante s’accole aux rochers, et tout 9a sans doute 
a Muse de la neige que la recouvre pendant quelques mois." 

So Dr. D. Mariano de la Paz Graells observes in a letter 

temperature of the soil and air of such 
Lupine] regions acts by restraining the expansive forces of 
he organism, which thus tends more and more to contract 

tjected to the like influences become dwarfed at high 
elevations, though when the same species is removed to 
.lower zone it acquires larger proportions. Such is the case 
mth Jumperu. Sabina, J. v,agaris, and J. arborescens, J. 

* Op, cit. {auproy p, 46). 
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pt/rayiiuiata, and the variety humilisy which is prostrate, form- 
ing rounded and very dense tufts. It has consequently been 
called tlie ‘creeping Sabina.’ J, iianay also called 
which is neither more nor less than J. communis, L., sends 
out from the very ‘ collar of the root ’ long branches trailing 
on the ground, as is generally the case with perennial 
Alpine plants.” 

As another illustration Mr. D. Dewar of the Botanic 
Gardens, Glasgow, has kindly communicated to me the follow- 
ing: — anachortica, a species found in cave-like 
situations in the Alps, and on account of which it has very 
thin papery leaves, was introduced to Kew. In three gene- 
rations raised from seed we turned it into A. alpina. Similarly 
Geum mcnitanum is a low-growing, one-flowered species on 
the mountain tops; but when it occurs lower down and 
under the influence of the rich wash from the cowsheds, it 
grows three times larger, with a branching, many-flowered 
stem, and bears much larger flow'ers. Geum Chiloensc affords 
similar changes. G. C. t/i'cindiji&t'uni is simply the result of 
cultivation, a most marked instance of variation under new 
conditions.” 

That a warmer temperature of the air than that of the 
soil is the main cause in the production of an erect stem 
at low altitudes, and conversely a prostrate one at higher 
elevations, seems to be probable from the following additional 
considerations. In the summer of 1889, which was a warm 
one, the stems of ^f. Bonnier’s experimental plants increased 
in height ; while they were checked in growth when a lower 
temperature prevailed in consequence of the surrounding air 
being insufficiently heated in the rarefied atmosphere of high 
Alpine regions. 

On the other hand, the tempemturc of the soil is higher 
under those conditions than that of the air immediately 
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above it, oo that i may, I think, be suggested, 

in the absence of sufficient cxperimentul evidence, as the 
direct cause of the shoots produced at the base lying along 
the ground. 

The following analogy will, I think, tend to corroborate 
this probability. When plants are grown in total darkness, 
as potatoes, &c., there being nothing but a sufficient heat to 
induce growth, the stems are abnormally elongated, and of 
course white and leafless ; secondly, if plants are grown under 
coloured glasses, I find, coiteris paribtis, that the stems become 


increasingly elongated under green, yellow, and rod glasses 
respectively, corresponding to a relatively increased amount 
of calorific rays with a diminution of the total amount of 
luminous and more refracted rays of the spectrum. 

As another example, ivy when it has climbed to the top 

of a wall, instead of growing erect into the air above it, grows 

at right angles to the previous portion of the stem,* t.e., 

along the horizontal surface of the top. As this is equally 

illuminated with the vertical surface, there could be no other 

conceivable diflference on d priori grounds except temperature, 

the top of the wall being presumably warmer than the air 

^ediately above it. The ivy will there grow either towards 
the sun or away from it. 

From the above and many other similar facts it would 
seem that we have sufficient grounds for concluding that 
the temperature of the air surrounding the plants is insuffi- 
cient for producing an erect axial development in Alpine 
sitaa .ons. It would seem, therefore, that we must look to 
Ae dr/erences i« temperature between that of the soil and 

Ind rol-tively colder 

and the former relatively warmer, a prostrate habit may resiUt 

If the air, however, be very warm, an elongation of tho stem 

may he expected, especially if the amount of light be reduced 
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!Rr. dc Candolle observed . .. sou ’s warmer tb«aii Bie 

air ill high altitudes, for he says : ^ “ Les brouillards station- 
nent sur les hauteurs surtout pendant la nuit; les sommit^s 
sont souvent digamies de nuages aux heures les plus chaudes 
de la journt^e ; enfin la neige les cmpeche dans beaucoup 
de cas de se refroidir pendant I’hiver. II en r^ulte quo 
la couche superficielle du sol doit en g^n^ral ctre plus chaude 
sur les inontagnes que dans la plaine, la moyenne ext^rieurc 
etant supposee semblable. I\t. Ch. Martins a constatd, au 
sommet du Faulhorn, une temperature moyenne du sol bien 
superieui-e a celle de bair” (Series Meteor, au Sommet du 
Faulhorn).^ 

Not only is it the case in high altitudes and higlx latitudes 
as well, but the same interpretation would seem to account 
for decumbent and prostrate stems in other localities, char- 
acters which are often regarded as specific. Thus I noticed 
in Malta, which is remarkable for its rocky character, that 
very many plants growing exposed were prostrate, the leaves 
spreading out in close contact with the ground, or if growing 
in crevices in the limestone rocks, the leaves were closely 
adpressed against the surface. When dug up, the leaves would 
become still more reflexed and press themselves down against 
the tap-root, as, e.^., Taraxicum officinale^ var. minimum^ show- 
ing liow strong the epinastic tendency was. Malva sylvcstris 
assumes two well-marked forms. When it grows, but very 
rarely so in Malta, among other plants in loose rubble or 
deeper soil, it is erect, growing to a height of two, three, or 
more feet ; but it is almost invariably to be seen by liard road- 

* Oto'j. Hot., i. p. 260. 

^ Kerncr and Oliver give a pretty illustration of prostrate and dwarf 
Alpine plants, as well as a table showing the «-xccs8 of the mean tempera- 
ttire of the soil above that of the air in tl)e Central Tyrolese Alps. 
“Natur.il History of l’lant<!,” 1. p. 524 $cq. 
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sides in Malta, with a very slight depth of soil over the 
rock. In this condition it is perfectly prostrate, sending out 
its numerous branches in close contact with the ground.^ 
Malva pai'viflora has exactly the same habit, both in Malta 
and on hardened soil about Cairo ; but when it is cultivated 
in fields in Egypt as a pot-herb, it then sends up erect stems, 
the tendency to “ prostration ” being very much reduced. 

As another Maltese illustration, the cultivated “ clover,” 
Uedysarum coronarium, grows in the fields to a height of three 
or more feet, wliile stray plants may occasionally be seen by 
the roadsides. These arc then as prostrate as the mallows. 

Bluebells may be often observed in early spring in England 
with their firet formed leaves pressed upon the ground, while 
plantains always have them in this condition when growing 

ill a closely cut turf. They are much more erect in loose 
grass by roadsides. 

The following observations on temperatures will perhaps 
show how thermotropism may account for the prostrate position 
of the leaves of certain plants. 

The temperature on the surface of the damp soil by the side 
of a bluebell, growing in the shade of trees, at 9.45 a.m., 
iSth April 1891, a sunless morning, was 47" F. The tem- 
perature of the air three inches above the ground at the same 
spot was 44,5*. At 4 p.M. of the same day, on the surface of 

the soil the temperature was 6o^ Tliat of the air ^ inches 
above it was 52^ 

On a tennis-lawn, the grass being covered with dew, on the 
&ame morning the temperature was 52.5". At 4.30 p.m. of 

same day, the temperature on the grass in shade was so". 
llireo inches shove it, it was 55^. 

The temperature of the grass exposed to the sun on the same 

* I have Obaerved the same feature s in England, but loss fn..quently. 


I06 THE ORIGIN OF PLANT STRUCTURES 

day and hour was 60 ” ; three inches above it, the temperature 
of the air was 58*. 

On a dry surface of a flower-bed, which was damp imme- 
diately below, the temperature was 62®. That of the air 3 
inches above it was 54^ 

These examples will show that during the daytime in early 
spring the temperature of the ground was liigher than that of 
the air immediately above it ; and as light is one of the most 
important agents for exciting the energies of protoplasm, so too 
thermotropism is probably also most active during the day in 
causing leaves and stems to lie flat upon the surfaces around 
them. It may thus account for the several plants assuming a 
prostrate habit at high altitudes when 'M. Bonnier grew them 
there, which are usually erect at lower elevations where a 
warmer air temperature obtains. 

Lastly, these various habits arc used by systematists as 
classificatory characters, because they are tolerably constant 
under the conditions in which the plants are usually collected. 



CHAPTER V 


CHAKACTERISTIC FEATURES OF ALPINE AND ARCTIC PLANTS 

{coniinurd) 


Foliage of High Alpine Plants.— The tendency to reduce 
the size of the leaves of plants in very In'gh altitudes and 
latitudes is in many plants so marked as to become a repre- 
sentative feature; and when precisely similar results obtain in 
plants of widely dissimilar orders, but are associated vnth un 
excessively dry atmosphere, one cannot but be compelled to 
assume that a like cause has produced a like effect. As illus- 
trative of this fact, the Alpine Veronicas of New Zealand 
mountains are quite comparable with members of the Cupres- 
sme® of California and Japan; while Ta^nanx and Salsola 

P^7u)i of the African desert have precisely similarly adpressed 
diminutive leaves.^ 


A bnef account of a few selected species of Veronica will 
not be out of place. Not only do they pass from strong grow- 
ing bushes in the lowlands with large coriaeeous leaves to 

carpetings at high altitudes, 
but the eaves beeome smaller and smaller till they assume 


When they have become ** 
may throw out the “earlier” 


degraded” to this stage, tliey 
more spinescent (or else the 


‘ See supra, p. 48. 
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cut-leaved) form, and become dimorphic, precisely as is the case 
with Cujn'essineoi and Tamariscinece. 

The following species will illustrate these observations. 
Commencing with the small-leaved form V. Imxifolia^ the 
foliage of which resembles that of our box, as the name 
implies ; it grows on the mountains of Canterbury Province. 
Tlie next in ascending series is V, teiragonay reaching to an 
altitude of 3000 feet. V. cttjyressoides forms bushes five 
to six feet high up to 4000 feet, but becomes a dwarf 
plant only one foot high at 5500 feet. Similarly V. Pime- 
loicles becomes reduced in size from two feet to ten inches 
ill rising from 1000 to 4000 feet. At 5000 feet V. tetrasticJui 
is met with as well as V. pinguifoliay ranging from 2500 to 
5000 feet, together with the probably ancestral fonii of 
Veronicay viz., Pygmoia ciliolatay having five petals but only 
two stamens; this assumes a “muscoidal” form, while P. 
jmlvinains makes a carpet-like covering on the ground at 
6000 feet. Again, at 5500 feet the sub-fleshy V. salicornoides 
and the dwarf form of V. cupressoides are met with. At 
7500 feet V. Dnchanani forms straggling shrubs, its range 
extending from 3000 to 7500 feet. Lastly, at 8000 feet V, 
HecUyri is to be seen on the mountains of Otago, forming 
spreading patches six to eight inches high, aud dimorphic 
as the other species. It is associated inth V. Lycopodioidcs. 

It will be thus seen that the genus Veronica furnishes 
exactly parallel features with otlier genera of plants in 
mountainous situations, and that under similar climatic and 
other conditions we always find closely representative types 
of foliage, so that botanists at once apply specific names 
indicating the simUarities. All I contend for, therefore, 
is, that such forms are due to iirecisely the same causes ; the 
same or homologous organs put on precisely the same morpho- 
logical features in response to the similar and direct actions 
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of a like environment : so that all these species liavc arison 
without any aid from natural selection whatever. 

PiLOsiSM OF Alpine Plants. — TI ic peculiarity of hairiness 

is often pronounced in certain species, so that many observers 

of Alpine plants have noticed it; and it may be rememhereil 

that pilosisni is particularly noticeable in plants growing in 

any very dry situation as compared with aquatic species 

and denizens of marshes in our temperate climates. Thus, 

for example. Sir J. D. Hooker describes “large silky cushion.^ 

of a Forget-me-not growing among the rocks’' in Sikkim.* 

Elsewhere ho alludes to a strong-seeirted silky wormwood 

and a woolly Leontopodium.^^ Tlie common English species 

of our fields, Myosotis arvensis, is very rough, with spreading 

hairs ; but in tiie true Forget-me-not, the aquatic M. palnstrh, 

and the sub-aquatic M. empitosa, they are scanty and ad- 
pressed.^ 


Linnaeus mentions how Myosotia varies in this respect 

“Myosotidis foliis hirsutis et glabris varietates, apud Casp. 

Bauhinum aliosque enatae suiit.”^ A\Tieii we look for a 

general cause it appears to be the same as elsewhere, viz the 

aridity of the atmosphere as well as perhaps an insufficient 

supply of moisture in the soil ; for aridity, as already stated, 

tends to check the development of the parencliymatous tissues 

while this causes a diversion of energy, so to say, which 
finds vent in pilosism.® 


3 p- 92). 2 Op. ciV., p. 406. note, 

like a peculiar. The basal pint is^nt 

J 5 oL, p. 247, § 316. 

ee ^j>ra, p, 59 tej., for a discussion on this subject. 
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Professor Eng. "Warming, in describing the plants of Lagoa 
Santa (Bresil),* observes: — “En rdalit^, rien n’est plus rare 
dans Ics Campos do Lagoa Santa qu’un vdg^tal vraiment 
vert. . . . Ell 1865, Netto attribuait d(Sj{\ au rofroidissement 
qiie subisseiit les plantes des plateaux ^lovds du Br<$sil ce 
ddveloppement exceptionnel des poils sur tons les orgaues 
a(!'ricns.” 

In both cases the cause of pilosism appears to bo due to 
a check to growth, in the deserts by heat, in Alpine and 
Arctic regions by cold. 

That pilosism is a direct result of climatic conditions is 
obvious from experimental evidence ; for it appeared as soon 
a.s plants brought from lower altitudes were grown at much 
higher ones ; and conversely the hairiness at once decreased 
when they were brought down and cultivated at lower 
levels. Battandicr discovered this to be the case in 

the observation I have already had occasion to quote in 
reference to the hairiness of desert plants.^ He remarks that 
pilosism is very general upon all the French mountains ; and 
!M. Bonnier, who grew a number of plants taken from the 
plains to high altitudes, found that many “became very 
hairy ; " Ilelianthus itcherostts, for instance, developed even 
“very shaggy” leaves. Similarly in the Pyrenees, Sign. 
Bolos writes me from Spain about Lavaiera Tnaritima : — 
“ Between the variety which grows on the littoral zone and 
that which grows at St. Andiol de Viga (I^astern Pyrenees— 
height, 600 metres) the difference is .so great that the latter 
has been classified as incana. It is very hairy, while its 
stalks are very robust and corrugated.” 

On the other hand. Sir J. I). Hooker found that it was 

> Op. cit., p. 155 {suprd, p. 2). 

Note sur des Cultures c(yniparfcs des manes Espices d divcrscs Altitudes. 
Bull, de la Soc. Dot. de Pr., 1886, p. 467. 
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exceptional on certain liigli altitudes on one of the passes of 
Tibet. He describes, indeed, Sausf^urea (jossypvia as foriiiing 
great clubs of tlic softest white wool, six indies Ui a foot 
high, its flowers and leaves seeming uniformly clothed witli 
the warmest fur that nature can devise.” This reminds one 
of the Fdelweitss, Gnaj,haliH7n leou/oporlium of the Swiss Aljis. 
“Generally speaking,” he adds, “the Alpine plants of the 
Himalaya are quite unprovided witli any special protection 
of this kind; it is the prevalence and conspicuous nature 
of the exceptions that mislead, and induce the careless observer 
to generalise hastily from solitary instances ; for the prcvailim^ 
^pine genera of the Himalaya, Arenarias, Primroses, Saxh 
irages, Fumitories, Ranunculi, Gentians, Grasses, Sedges ttc 
have almost uniformly naked foliage.” i o « i 

With reference to the acquirement of liair by fleshy-leaved 
plants when growing at high altitudes, Dr. ]). Mariano do 
la Pas GraeUs observes that so.no do not change, while othes 

oLt thiek-leavod 

p te which I have seen growing spontaneously on tho 

Mediterranean coast, among them being Mesembr/anihemum 

abhematum Cactus Opuntia, A!oH vulgaris, Agave Americatia 

when they have been removed to tho central tableland of Spain’ 

thll I •‘“''0 "«ver observed 

t leir leaves to develop any hairiness. They continue flo I 

8 P: *56 (supra, p, 92). 
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S. viUosum, and S. hirsuium, which wear their tomentose 
raiment, as well as Pictoricia Hispanica, D. C., so common 

on the sandy plains of both Castiles. , , t> 

Pseddo-Species of Botanists.— Dr. D. Mariano de la Paz 

Graells, in the interesting letter from wliich I have just 

quoted, adds the following remarks upon some of the many 

so-called species, which he shows are only modifications 
due to the environment. Thus of Pyret1n-um snlplmreum 
and Dianthus braclujanthu-i he ivrites “ The polymorphism 
which these plants acquire at different elevations has given 
rise to the formation of distinct species, i.e., admitted 
as such by botanists of note. Studying the original divi- 
sion of P. jndveruU-ntum of Lagasca and of P. sulphmeun 
of Boissier and Renter. Willkon has united them into one 
sinole species, which he has called in his Pvodrom^ Flor,a 
llLanica, P. HUpanicum. In this he recognises two wdl- 
defined groups, the < pinnatifid ' and ‘ laciniate types p acm„ 
in the first group P. pulcerulmtum of Lagasca and the . 
rcuUcans of CavaniUes ; and in the second. P. sulplmieum, 
bIIs et Rent., which Asio had named Chr,j.an,kemu,n 
Arwjonense, and C. Bocconi or P. Docconi, Wal.. P. 

Willkon ; which turns out to be the P. sulphureum, var. P. 

Xre’sl^e^htgTal- happened with Dianib^ 

Rni« et Kent which Xatar and Maill took to he Z>. aXUnuatus, 
n tr ^ the Pyrenees, and Koclx for D. virgineus ; such 
miSes being due to the modifications produced by varying 
rvaUons In some cases the very same organs become 
:"eT or disappear, while in others they become much 

„>ore developed External 

Experimental Evidence ot lu*. 

CoNoiTioNS OF High Altitudes upon Pi^TS.-We 
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debted to MM. Bonnier and Flahault ^ and others for in- 
teresting papers on the effects upon plants grown at high 
altitudes and latitudes when compared with those upon the 
same species, or even upon half of one and the same iden- 
tical plant, when grown at Paris or lower altitudes and 
latitudes. 

As an example, Teuevium Scorodonia^ sown at a high situa- 
tion above the Col d’Aspin in tlie Pyrenees, produced aerial 
stems which were very short, with leaves relatively darker 
green, with more abundant hairs, and an inflorescence more 
compact and bearing at the base very short internodes. 

On the contrary, seeds gathered from individuals of the 

same species growing at higher altitudes than it can reach 

in the Pyrenees (1700 ra.), and sown at Paris, produced at the 

end of three years elongated stems, less abundant hairs and 

brighter green leaves, the internodes being more elongated 
and more numerous. 


These latter plants of Tewrium were nearly comparable in 
general aspect to those from like sowings made in the same 
soil from seeds obtained in the neighbourhood of Paris. 

As another case, M. Bonnier found that Lotus coj^mculatus 
and L. tdtrnriosus change very materially. He obtained dif- 
erent individuals of L. corniculaius which differed from each 
other more than these two species. Describing the anatomy, 
he observes that m cutting the pedicel below the ripe fruit, 
one sees that the arrangement of the cortex, the structure of 
he pericycle and of the cords, as well as the thickening of the 

from aT"’ Thus plants of iofna comiculaim 

from Alpine situations show an epidermis which is very thick 


Oin. * Ao,.. H. ^89” 


H 
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a collcnehyinatoxis cortex, a pericycle without large and special 
cells, and the wood relatively reduced ; while in certain plants 
of L. crjrniculatics and L. nligiyiostis, cultivated in lower alti- 
tudes, the epidermis is not so thick, the cortex is without 
collenchyma, tlie pericycle has here and there special cells, and 
the wood is relatively more developed. 

Another observer, Herr K. Leist,i compares the foliage of 
Alpine plants with similar ones in low lands, and gives the 
following as the results of his observations, (i) There is a 
diminished thickness but an increased extent of surface to the 
leaf. The former is due to a decreased development of the 
palisade tissue, by cither a reduction in the number of layers, 
or by a decrease in the vertical diameters of the cells, corre- 
sponding to an increase in their width, the numbers of layers 
being the same. The number and size of the intercellular 
spaces are increased, the spongy parenchyma being often less 
close, and the cuticle is thickened. 

It will be observed that variations in the amount of chloro- 
’ hyllous tissue appear to occur, if Herr Lcist’s account be 
compared with that of M. Bonnier. The latter, however, 
discovered tliat there would seem to be an “optimum of 
altitude,” and that the green colour increases up to a certain 
limit and then decreases. 

Tliis agrees with Mr. Sorby's discovery that there is also 
an optimum degree of light for “greening.” In speaking of 
the “waste and supjdy of colouring mattei's in plants,” he 
• writes : ^ — “ It appears to me that their development is some 

' Zxtr Anat. dniffcr Kcxmhliitlcr, 8vo, Breslau, 1889. See Dot. 
CentraUK, xlii. (1890), p. 163. The above para^rraph is composed from a 
notice in the Journ. Royal Micr. Soc., 1890, p. 626. I have not seen the 

origins!. ^ 

^ On Comparative Vegetable Chroinatulogy. Proe. Pot/, Soe.^ ISo. 140, 

voL xxi. 1873, p. 468. 
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direct function of light, until a certain quantity of each lias been 
formed and a sort of equilibrium established, varying in its 
character according to the particular plant ; but that at the same 
time the amount of each decomposed continues to increase directly 

“ ■■'‘“nsity of the light ; so that the equilibrium between 
the different substances is not the same for light of different 
intensities, but, after having reached a maximum, the quantity 
of each more or less decreases with increased light.” He then 
performed an experiment with the leaves of Aucuba Japmica, 
which IS particularly sen.sitivo to light, the leaves on the surface 
of a bush being always much more spotted with yellow than 
hose shaded ; so that by covering half one of the former, in 
ree weeks stime the two colours were sharjily defined. The 
result m the amounts of colouring matter was .as follows. 

halfh"^"® “ ' °°’ eroen of the protected 
red 1 ” 'ncreased to 150, and “ Xanthophylls ” 

reduced to 75. Similarly for leaves of the eonimon^Holly 

those naturaUy shaded compared with those naturally exposed 
were as follows :-Chlorophylls, .00 : 6a ; Oraime XanthX 

Tund tf't f Xanthophylls, &c., ,00 to 94. So, too, lie 
found that too great exposure reduced the chlorophyllian sub 

general fact. As a secondary result from the increase of 
cldorophyUous ti^ue is the greater quantity of nutritivTanI 
Other materials elaborated in the plant Thus M Rnnn' ' i 

etvar at “er 

xr ;ir 
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indirectly dependent upon the clilorophyllous assimilation 

effected by plants in an Alpine climate. 

The exhalation of powerful odours occurs also at high 
altitudes, and may perhaps perform the same use of arresting 
the heat as Dr. G. Volkens suggested as being the case in 
the deserts. Thus Sir J. D. Hooker writes “ Delphinium 
ijlaciale was also abundant, exhaling a rank smell of musk. 
It indicates a very great elevation in Sikkim, and on my 
ascent far above it, therefore, I was not surprised to find water 
boiled at 182“ 6 ' (air 43“). >vhich gives an altitude of 16,754 


feet.” ^ , , 

As another instance of a plant yielding a very unexpected 

odour, Dr. Aitchison coUccted a labiate. Teucrium serratum, in 

the country traversed by the Afghan Boundary Commi^ion. 

.vhich was strongly scented with an odour exactly resemblmg 

asafoetida,® , . , 

Duration.— MM. Bonnier and Fl.ahault’ have shown how 

annuals yield to perennials in point of number both in altitude 

and latitude. They give in their tables the proportion of 

annual species as 6o p.c. between coo and 300 

sea ■ between 600 and 1800 m. it sinks to 33 p.c. , while on 

altitudes above 1800 m. it is only 6 p.c. I" ‘ ® "sfni^arly 
, of the Alpine regions there arc no annuals. Similarly 

Mr. Atalmgreii has pointed out that the plants of Spitsbergen 

are all perennial and have a tendency to grow in tufts. 

It is clear that the conditions unfavoumble to the ^ 

annuals are low isothermic lines and short summers. Moreover, 


: .0. rm„,. a..d A., 

p . 93. .879. p . .59; ^ 

Soc. Bot. de Ft., 1878. p. 300, and 1880, p. 103. 

* Journal of Botany, America. 
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species which are ordinarily annuals at low levels, if growing 
at high elevations are found to have become perennials. Thus 
M. Bonnier met with Arenaria serjnjUifolia as a perennial 
from 2000 to 2300 m. on the Pyrenees. He says it there 
forms rhizomes some of which were three years old. Poa 
annua has subterranean ramifications of a rhizome. LinaHa 
dlpina is biennial above 500 m., being annual up to tliat 
height. In the more elevated regions of the Alps, where it 
reaches the extreme limits of vegetation, it is always perennial, 
and has adventitious buds which are borne upon the roots of 
three to five years old ; and even eight layers of wood are some- 
times observable. Senecio viscosus is perennial both i!i the tai>- 
root and base of the stem ; so also is Ranunculus PUloiiotis. 


The above facts show that the prolonged duration of life of 
high Alpine plants is simply due to the direct action of the 
environment upon the plants themselves. 

The development of bulbs and tubers, &c., is frequently 
correlated with climatic conditions which demand a perennial 
habit in plants if they have to survive trying periods of 
drought. Thus Mr. Scott EUiott' speaks of certain plants of 
the Karoo of South Africa Many are bulbous or tuberous 
plants, and many orders have developed bulbs which usually 
show no trace of them; c.<7., the whole section Hoarea of 
Pelargonium is bulbous.” He adds the additional important 
wor(^: “One must remember that the physiognomy of a 
plant depends on the climate during the flowering and assimi- 
latmg season only, not on that of the whole year. It is this 
fact which prevents one from noticing, as often as one might 
otherwise do, the direct influence of the climate.” 

Plants op Bson LATiTUDBs.-There is a close parallel be- 
tween plants of higb latitudes and those of high altitudes 


Ii8 
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Tliis is particularly noticeable in the following particulars : a 
dwarf habit, often csespitose ; ^ a perennial character, greener 
foliage, more brilliant flowers and fruits than at lower latitudes. 
There is also a greater production of substances resulting from 
metabolism, as honey, sugar, ethereal oils, &c. 

"With regard to the climatic environment, high latitudes 
are deficient in heat, but this is compensated for by a more 
prolonged sunlight during the period of growth and develop- 
ment; so that the increase in the quantity of chlorophyllous 
tissue is duo to prolonged sunlight, but which is feeble in 
intensity.^ 

Now, although the above characteristics, as those on high 
altitudes, have been long known, and arc readily observable 
in travelling, say, from the latitude of Paris northwards along 
the Scandinavian regions to high latitudes, the fact tliat they 
arc all the outcome of the direct action of the environment 
has been jiroved by experimental cultivations, just as almost 
exactly similar phenomena of high altitudes have been proved 
to he due to similar causes. Thus, e.#?., Dr. Schiibeler^ sowed 
seeds of different plants in different latitudes in Norway, and 
proved that the brilliancy of the flowers increased with the 


' As examples of a tufted or csespitose habit of gr«»\vth the fr»llowiiig 
plants in the Antarctic regions may be mentioned -.—Foratcria clavi(/cra 
(Stylidete). Lord Auckland's Island ; Dmpetca muscosa (Thymelacefc), 
Hermite Island ; Orcofxtlus pectinatus (Cyperacose), CampbelPs Island, &c. ; 
liolax rjlcharia (Umbellifera), Falkland Islands ; AzorcUa Sdwjo and 
Lyallia Kenjadtna (Portulacacece), Kerguelen’s Island ; NasmxivUi serpens 

(Composite), Falkland Islands. ..... . 

Many very different orders are here represented ; a similar /aciM, how- 

ever, is more or less common to all. ^ 

2 observaiions sur les Modifications des Viyitaux suxvanths Conditions 

Physiques du Milieu, par G. Bonnier et Ch. Flahanlt. Ann. dcs Set. 

Nat. Bot., 6 Sdr. vii. 1878, p. 93 i n^ao 6 Sdr. i.\. 1879, P- * 59 - See also 

De Candolle^s i. pp. 3 * 

5 Die PJlanzenwdt Norveyens (Khristinna, 1 875). 
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latitude. So gi*cat were the difTcronces that it was difTicuIt 
to conceive that they were produced from the same hatch of 
setKls. The differences appeared in the first year. Similarly 
seeds from Germany exhibited analogous difforences. Dr. 
Schfibeler also made analyses of leaves of plants of the same 
species grown in different parts of Norway, and found that 
leaves from the northern districts were richer in chlorophyll 
than those grown near Christiania. 


The i^hysical environment of liigh latitudes being compar- 
able, but not quite identical, with those of high altitudes, 
certain differences occur in the plant life. Thus, MM. Bonnier 
and Flahault observe that in rising from the base to tho 
summit of the Alps, one meets successively with tho sub- 
Alpine zone of pines, then the Alpine Ilora separated from 
the former by a well-marked houiulary. On passing northwards 
at the same altitude in Scandinavia, one sees the two floras 
intemiixed more and more as one reaches tlie highest latitudes. 
It is by a very long suite of insensible transitions that one 

passes from a flora almost uniquely sub-Alpine to a flora 
exclusively Alpine. 

Dr. Schffbeler found that the enhanced greenness of tho 
foliage and the brilliancy of flowers are not strictly proportional 
to latitude, but are accentuated in the higher latitudes. MM. 
Boimier and Flahault observe also, just as M. Ad. Pellat 
noticed, that the same species of plants became more tomentoso 
in proportion as they ascended the French mountains, as 
e.g,. Ranunculus hulhosns, Oxytropis campestris, Cracca major, 
&c.; so analogous remarks can bo made upon the variations 
in the degree of hairiness with latitude.i The same frequency 
of perenmals in Alpine regions is exactly paralleled in high 


* These authors give an account of very interesting investigations into 

received in high latitudes, as aUo does M. 
J. A. Broch, U Jtoyaunic de Rorviye ct U Pcufyle norveyien. 
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latitudes ; and just as annuals of low elevations become peren- 
nials on mountains, so do they in Arctic regions. Hence the 
relative number of perennials increases with both altitude and 
latitude. Thus of annuals there are 45 p.c. at Paris (lat. 49*’) ; 
30 p.c. at Christiania (lat. 59* 5') ; 26 p.c. at Listad (lat. 61* 1') ; 
while in Spitzbergen there are none.' 

The significance of these statements lies in the fact men- 
tioned above, that plants which are annuals elsewhere actually 
become tliemselves perennials when gTOwn in these colder 
regions; and are, therefore, made to acquire the forms and 
habits best fitted to survive. 

A feature often observed both on high altitudes and lati- 
tudes is the extreme rapidity with which the annual course 
of vegetation is run through during the very short summer. 
Thus, e.g.^ the flowers of Parnassia, Gnaphalium dioxcumy 
Geniiana geimanica, SolidagOy Dianthxi^ euperlmsy &c., come 
out a month sooner in the high mountains than they do 
lower down, otherwise they could not ripen their seeds. 
Similarly, in the extreme north, the willows flower directly 
the sun's rays fall on them, weeks before tlie ground is fully 
thawed. How is this brought about? The answer is the 
same for all other adaptations. The very conditions attending 
a prolonged winter are the actual causes of the subsequent 
and necessary rapidity. 

Many observers (Knight, Krasan, Frank, &e.) Iiave found 
that perennial plants exposed to low temperatures during the 
winter rest put forth shoots more rapidly and earlier in the 
spring than the same plants kept warmer in the winter. It 
would seem that these results may depend upon at least two 
prominent factors, the effect of frost on the reserve food 
materials and the accumulation of water. As illustrating 

» According to Mr. Malmgren (/ouni. of But., America). 
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the former, Muller-Tliurgau took ten potatoes, all alike, and 

of about the same size and weight : he placed five in an ice- 

cellar, and surrounded them with ice; tlie other five were 

kept in an ordinary house-cellar. Those exposed to the 

freezing process yielded a large crop in three inontlis after 

planting ; while the others, planted at the same time, and in 

exactly the same way, soil, &c., had as yet only begun to 

show shoots, and bore no tubers. In this case the exposure 

to cold increased the amount of sugar in the tubers, i.e., of 

food directly available in growth, &c. ; but wliether the cold 

has any effect in hastening the formation of ferments, or in 

converting the proteids into easily assimilable substances, is 
not known.* 


As an illustration of rapid growth consequent on the accumu- 
lation of water, M, W. Jiinnicke attributes a peculiar rapidity 
of growth m a Weigela to its growing in a shady and moist 
situation. In consequence of this, the plant was retarded 
mitil May by the persistent cold of the winter, but it sub- 
sequently effected its growth with extreme rapidity. Other 

plants of Weigela situated in dry and weU-illuminated places 
presented no such anomaly.2 

These ca^ would seem to supply us with the iuterpretation 
required. During the prolonged period of cold on the dips 

wet r- accumulation of 

mter withm the tissues, so that the moment the temperature 

ises to a sufficient height, the plant is, so to say, fully pre- 

pared to ca„y o„ the vegetative and reproductive functions 

once. Aether the frost will affect the starch in seeds 


Feb. 25. .888, p Oard.,^: OhronicU, 
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was not conclusively determined by ITcvr Kny, but lie came 
to the conclusion that the action of frost on seeds varies in 
dilferent species subjected to the same treatment, and varies 
with the treatment otherwise, whether the seeds are 

swollen or not before the frost acts. 

However, the conclusion is, I think, at least justifiable 
hypothetically that the rapidity of the summer growth is the 
direct consequence of the prolonged rest and severe frost to 
which Alpine and Arctic plants are subjected.* 

M. G. Bonnier has lately published a paper entitled Les 
Plantes Arctiques comparees aux menies Especes des Alpes et 
des Pyrenees,^ in which he shows that although, speaking 
generally, the Alpine floras are comparable with the Arctic, the 
same species being often found in both regions, yet there are 
certain clifrerenccs which are attribuhiblc to a diversity of 


» Sir J. V. Hooker, in writing about the periods when vegetation is 
active at <lifferent elevations on the Himalaya, says “The distribution 
the seasons at diflerent elevations in the Himalaya gives rise to some 
anomalies that have puzzled naturalists.” From October to May vegeta 
tion is torpid above 14,000 feet. It is torpid above 10,000 feet from 
November to April, and from 6000 feet during the three months 


December, January, and February. 

Spring begins in March, with a sudden acces.siun of heat, above 70TO 

feet " From May till August the vegetation at each elevation is (in 
ascending order) a month behind that below it, 4000 feet being about 
equal to a month of summer weather, in one sense. I mean by ^is, that 
the genera and natural orders (and sometimes the species) which flower 
at 8000 feet in May are not so forward at 12,000 feet till June, nor at 
16,000 feet till August. After August, however, the reverse holds good , 
then the vegetation is as forward at 16,000 feet as at 8000 feet. Hy the 
end of September ni<.st of the natural orders and genera have ripeneil 
their fruit in the upper zone, though they have flowered late as July . 
whereas October is the fruiting month at 12.000, and Nove.nber below 
loooo” {llivi. Journ., p. 419, note). It is posable that what is said 
above may explain this peculiarity in the hastening of the maturation «f 

plants at great elevations. 

Rev. GCn. dt Rot., vi. p. 505. 
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external conditions, in tlie high altitudes and high latitinlcs 

respectively. Thus, altliougli tlie total amount of serviceable 

light may be approximately the same, yet it is distributed 

very dififerently. Secondly, tlie higlier one ascends above the 

limits of trees in mountains, the drier does the air become; 

but the moisture is still great in Iiigh latitudes, under cerUin 

circumstances, especially where warm and cold ocean currents 
touch. 

Jf. Bonnier lias shown by a careful microscopical examina- 
tion of the leaves and other organs of plants from both regions 
that their anatomy corresponds precisely with the eflects of 
comparative degrees of drought and moisture respectively • 
so that plants brought from the island Jan Mayen and Spits- 
bergen exhibit structuics which might bo called “ iiicipiently 

aquatic,” while those exposed to great aridity arc “incinientlv 
xcrophilous.” 

Moreover, M. Bonnier finds that individual Alpine plants 
which happen to grow in moist places assume more or less the 
same features as those which characterise the Arctic members 
of tbc same species ; and as Spitzbergen is relatively drier than 
Jan Mayen, precisely similar degrees of difference arc found 
m the same species growing in these two places respectively. 

le special characteristics may be summed up as follows 
for the Arctic individuals i-A thin cnticle. a lux a, id ill-dom "d 

the trl"’ 

a liMe T *“i tho endodorni being 

a little more developed. Tho stems are thicker, with fewer 

stm^oThtl'af’^^ ‘"r “ “"d “o- woody 

stem of high Alpmo plants. The cells of the pith and 
medullary rays are rounder, forming a lax tissue. Lorn six 

Saif butT “T"' “ fi'>™-va«cular bundle of the Arctic 

plant, but from ten to twelve in that of tho Alpine. In 

the roots, both rn tho Arctic and in the Alpine when^rlwill 
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in marshy spots, there are lacunae with partitions of rounded 
cells, very similar to those in the roots of true aquatic 
plants. 

M. Bonnier, summing up his observations, observes that 
these structural differences correspond with the climate ; and 
this has been verified by experiment, for M. Lothelier has 
proved that in a moist atmosphere the structure of the stem 
and leaf at once modify themselves precisely in the same 
manner as is described by the author, in nature. 

General Conclusions. — The conclusions arrived at from 
an investigation into the peculiar characteristics of plants 
growing in high Alpine and Arctic regions are parallel with 
those already deduced for sub-tropical deserts, namely, 
that they are the direct outcome of the action of the climate 
upon the responsiveness of the plants themselves. First, there 
are the numerous instances of plants of no affinity whatever 
all assuming the same features of nanism. Certain groups 
of shrubs and trees have leaves more and more arrested as 
the altitude increases ; conversely some herbaceous plants have 
larger and greener foliage than when the same species are grow- 
ing at lower altitudes and latitudes. There is not infrequently 
a muscoidal type, or a hirsute, villous, or tomentose condition ; 
though many may remain glabrous. Secondly, experimental 
evidence has shown how many plants of the lowlands can at 
once acquire one or more of these features when made to grow 
at high altitudes and latitudes, and vice versa. 

Hence, as far as the vegetative organs are concerned, we 
arrive at the conclusion that the above-mentioned varietal 
sub-specific, or even it may be specihe characters, arc simply 
the result of the direct action of the environment upon the 
plants themselves, which by perpetuation become relatively 
fixed and herediUry, and all without any aid from natural 

selection whatever. 


CHAl^TER VI 


ORIGIN OF THE STRUCTURAL PECULIARITIES OF MARITIME 

AND SALINE PLANTS 

General Features. — Tlie peculiarities of maritime plants con- 
sist in some c<ascs of a considerable degree of succulcncy, as of 
the familiar Samphire ; in others, of an extra amount of hair 
as compared with inland forms of the same genus or species, 
as Gei-anium lucidum, var. liaii. Again, certain species have 
a spiny character, as, e.g., Enjngium mariiimum^ Ononis spinosa^ 
var. hmrida. Lastly, a glaucous hue is not uncommon, as of 
Cramhe nuiritima^ Glaucium luteum^ &c. 

It will be observed in these respects that there are certain 
peculiarities common with desert plants as well as with some 
Alpine and sub-Alpine species. Sir J. D. Hooker * noticed a 
certain general correspondence between the climate of some 
countries at the sea-level and that of the Himalaya, both in the 
absence of animal life and in lacking certain natural orders of 
plants. He thus compares New Zealand, Puegia, and Tasmania 
with Scotland and Norway. He attributes the absence of life 
to the moist and cold atmosphere. 

Perhaps it is this cause which may account for several of 
our maritime plants being also found on our mountains as well 
or certain varieties of them. For, of course, the British moun- 
tains are not characterised by that intense aridity which pre- 

^ Op. ciL, p. 353 (supra, p. 92). 
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vails at much liiglier elevations in the European Alps and on 
other lofty ranges of mountains. The following plants will 
illustrate this coincidence : Draha incana, Cochlearia officinaZis, 
subsp. alpina, Silent maritiina, Sagina apetala, subsp. maritima, 
var. alpma. Species of Sechmi, Planlago maritima, identical 
witli P. alpina (Hoffman), Hieracium species, (^c. 

The resemblances which may be seen in plants from such 
widely different localities as our sea shores, Alpine regions, 
and desert countries are readily explicable if the general inter- 
pretation offered in this book be accepted, viz., that certain 
elements of the environment are in excess; these act upon tlie 
plants in question, and the latter respond accordingly, so that 
much the same results occur. Thus, if hairiness be due to a 
check in the development of cellular tissue, it may arise from 
too much heat, as in the deserts of Africa, or from too erroat 
a degree of cold, as in Alpine and Arctic regions ; both con- 
ditions causing great aridity. Succulency in the deserts, 
especially wlierc the soil is saline, arises from identically the 
same cause as in jilants on our own sea-shores. 

Since the moisture of the air and soil is more charged with 
saline matters in maritime regions and salt marshes, it was 
a reasonable inference that the presence of salts was in 
some degree responsible for the remarkable fleshiness of such 
plants as Crithmum maritimum, Salicoi'nia herhacea^ and many 
others. 

Experiments liave justified these deductions, as well as the 
interpretation of the presence of a greater degree of hairiness 
in certain maritime jdants. 

As examples, the following British species and varieties of 
maritime plants may be mentioned, as exhibiting one or other 
of the above characteristics. Thus as fleshy and sub-fleshy 
types we have Cochlearia, Cramhe, Glaucium, Brassica olorarea. 
Geranium Rohertianum, vox. purpureum, Lotus corniculatus, var. 
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crassifohius, Criihmum maritimnm, Matricaria inodora, var. 

Mna, (passing into) M. maritima. Sola, mm Dulcamara, var. 

marimim. A densely tomcntose variety of this plant grows 

on the beach at Walmer, Polygonum avinilare, var. littorale 
(passing into) P. maritimum. ’ 

others might be added, but those will be sutricient to 

Illustrate the characteristics of maritime plants which h.ave 

been brought about by the direct action of their environment 

This .s proved by the fact that they often lose them when 

grown under different conditions. Thus, ns has been already 

stated, the leaves of Samphire became flat and thin when the 

plant w^ grown in a garden ; Sato/a Kali p,as.sed gradually 

into S. Trayns as it spread up the sides of a river, and Or,Jm 

mnosa loses its spines in a rich .soil and an abundance of 
moisture. 

As an example of variability in glaiicescence, Mr. Eakcr 
observes of the Bromeliaceous plants cultivated in the Kivieri • 

- As might bo expected, there is a general tendency in 
the leaves to be more glaucous than at home.” > 

Lastly, Linnaeus recorded about one hundred and fifty years 
£^o how hairiness may disappear Jfinui pubescentiam 
J^ohmai vu go dictae maritime siepius vidimus, id quod etiam 
alii8 emmentibus partibus accidit ”2 ^ 

how ‘his statement M. Battendier observes » 

z -r 

H, i... 21 :j;“ 
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plants to resist the deleterious action of the sea. Hence he 
noticed how certain inland plants, elsewhere thick or velvety, 
as Cotyledon umbilictts and Artemisia arhoi'escensy do not suffer 
by the sea. He also thinks that “ it is probable that it is 
under the irritating influence of the water of the sea that 
these modifications have been produced.’* As other examples 
I have noticed that primroses and some plants of Laurustinus, 
&c., are almost woolly at Cannes, though they are far from 
being so in England. 

Anatomy of Succulent Tissues. — With regard to the 
anatomy of the succulent tissues of maritime plants, Herr 
Brick 1 finds that there is a strongly developed cortical 
parenchyma, with an invariable presence of a vascular bundle- 
sheath, with a rarity of starch in the chlorophyll grains. M. 
Lesage has lately shown that salts cause a decrease in the 
formation of starch. Herr Brick recognises three types: (i) 
a cortical parenchyma composed of round cells with triangular 
intercellular spaces, the chlorophyll being either distributed 
through the parenchyma or limited to a special outer zone of 
the cortex {Honckenya peploides and Cakile maritima) ; ( 2 ) 
cortical parenchyma consisting of round cells with large and 
nearly regular air-passages {Aster 'Tripoliumy Glaux maritima) ; 
(■z) cortical parenchyma, that of an ordinary leaf, the chloro- 
phyll being in palisade cells {Salsola Kaliy Salicornia 

herha/ea). . 

M. Lesage,2 jn comparing the anatomy of species of 

plants growing by the sea and inland, finds that in more 
than half the ceUs of the epidermis show no appreciable 

difference. 


1 Sekrift-Naturf. 0€$dL Danzig, vii. 1S88, 108. See also Naiur- 

Modification, dc, Fc^dU, cHc ,c. 
I>l,intc 3 ^farUir>U8, Itev. Qin. dc Bot.y torn. u. p. 54, PI- 7, ». 9- 
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In four species there were moi'c decided difrcrcnccs, ns 
^own by the following ratios, (i) in the size of the epidermal 
cells, and (2) in the thickness of tlic loaves. V.M. represents 
the maritime variety, and V.T. tlie inland terrestrial one. 


Cakile maritima 
Beta vulgaris . 
Silene maritima 
Aster Tripolium 



3 - 4 

4 - 5 
15 


I 

I 

1 

I 



In S,le»e maritima and Calrile maritima, there was an 

increase in the proportion of about two to one in tliickness 

of the epidermal wall in the maritime plants. In others 

It was less than twice as thick, and more generally there 
was no difference. 


With regard to the palisade tissue, the general thicknes 
may result from a development in , volume of all the cells 
01 by a formation of a greater number of layers. These 
variations can affect all or a part of the mesophyll, as well 
as but especially, the palisade. Thus of fifty-four species 

Iwt t H tl‘e maHtime variety, 

eleven exhibited an equal development of all the elements 

seven species showed an extra development of the palisal’ 

at “ >’:^^^e““fi:"" number of 

Of ll- A . in the number 

of pahsadic layers. Lastly, thirty-one species presented an 

are armuged in uch a wav “ Tf’ Palisade edls 

O a in such a way as not to suppress completely the 

I 
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intercellular spaces, but to reduce them considerably. Generally 
speaking, the maritime leaf is less lacunous than the inland 

type. 

The median ribs of the thicker leaves of maritime plants 
are also rather larger than those of inland plants, but not 
ill the same proportion as the thickness of the leaf itself. 
Thus in Criihmnm maritimmn the proportion is 225 to 125 
for tlie thickness of the leaf ; that of the mid-ribs is 65-60 
to 35-30. In Sihne maritima, however, while the thickness 
of the leaves is as 168 to 60, that of the fihro-vascular cords 

is as 23-30 to 16-16. 

There is no appreciable difference in the size of the vessels 


themselves. 

With regard to chlorophyll, in some cases M. Lesage n 
unable to see if there was any difference ; in others it was 
very marked. Thus Thesium humifusum and Calule maritma 
.showed a great difference in this respect, the grams being 
much smaller in the niaritimo plants. In some species the 
grains of chlorophyll, though of an equal diameter, are le s 
abundant in the corresponding layers of nieaophyll, as is 

ciisa AlH2>lex pnrlulacoides. , 

In other cases, the grains, more or less unequal m size, ar 
less numerous in cells of the same layer, as one can see in 


the leaves of Trifolium arvense. 

The four conclusions to which M. Lesage anives are 

follows : ^ . 11 „l«r»fq 

1. l^Iaritime plants have mostly thicker leaves, but all p 


do not follow this rule in a pronounced manner. 

2. The thickness of the leaf is accompanied by a gr 

development of palisadic tissue. , . i „ reduced 

3. The lacunae and intercellular spaces tend to he 

in the leaves of maritime plants. 

4. Chlorophyll is generally les.s abundant in mantim p 
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either by a reduction in volume or by a reduction of the 
number of grains. 

Experimental Evidence. — Losagc* carried out a largo 
series of experiments with a great variety of plants, in order 
to see if watering them with salt dissfjlved in the water would 
produce rcsidt.s similar to the normally licsliy structure .so 
characteristic of many maritime plants. Such jn-oved to In* 
tlie case. Thus with Pisiim sativum he found that thr. 
thickness of the leaf hecame greater, and the palisade tissue 
increased in thickness, while intercellular spaces and the 
chlorophyll diminished. Lepidium sa/ivtmt gave more marked 
results. The mesophyll presented six layers in the four 
cases forming the subjects of his experiments. The palisade 
tissue was more developed in a radial direction and jiossesscd 
an extra layer. The lacuna were less pronouncecl, and the 
chlorophyll was less abundant. The epidermis and the vas- 
cular cords do not follow the same variations in thickness 
On the average, if the leaf is much thicker, then the epidermis 
and the nerves are only a trifle thicker than ordinarily. 

M. Lesage2 sums up his results, showing that his experi- 
ments completely verify the deduction that the succulency of 
maritime, and we may add saline, plants is the direct result 
of the presence of salts in the water imbibed by them, if 
Lesago does not say how he thinks the turgidity is actually 
brought about ; but Herr C. Brick suggests that it may bo 
due to the formation of salts of an organic acid witl. the 
soda with which they are so abundantly supplied. 

I give the above histological peculiarities somewhat in 
detail, in order to show how a maritime environment acts on 

the minutest elements of the tissues of plants, until they 


* Op. ctt.y p, IIP {supra^ p. 128). 

Op. p, 172^173* M* Lesage has also elsewhere 
on till. .aUjent, to . 889 "p::orn"pX. 
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become more or less fixed and characteristic, at least as long as 
they continue to giw under the same conditions. They thus 
furnish morphological characters which botanists regard as 

classificatory. 

M. Costantin arrived at similar conclusions, for he says: 

“ The development of plants growing in saline districts exhibi 
different degrees of thickness of the foliage, of the stems, and 
of the fruits, a change in the green tint of the plant, and in 
some cases an abundant production of hairs upon the whole 

’ Costantin » also refers to Artemisia campesMs as a 
plant, the maritime form of which, vis., var. mantvna, h^ 
Laves which are very thick. He also “«"«ons that Hic™ 
eriophorum, when cultivated in the Botanic Carden at B 
deaux, lost the hair which it possesses when growing in man 

thus ^v^ites— “I wiU repeat .vhat I said m three editions 

isrr f r;,«. — . r.r:sr 

“S’.” Llojd •'« “W"“ - ““ 


. .. n- d. II.—'- "7 J ft V.»S~ii.-- 

n,cAerct,cs sur la Structure dc la Ttgt da fla 
da Sci. Nat.. 6 Sir. xix. 1884 . !>• ^87. "ote- 


Ann. 
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Linosi/ris at Belle Isle is dwarf, two inches higli, hut hy 
culture it grows taller every year, Cochlearia officintdis on 
rocks and pebbles has thick leaves, less so on muddy banks 
of rivers. Hieracium eriophortim far from the sea is no longer 
deiisissime lanatum. Helianthemum (juitatum, var. maritimiunt 
gradually returns to the inland form in receding from the 
seashore. Hieracium umhellatum is dwarf and thick on soa- 
rocks. Pteris aquiJina, on damp rocks is so did’crerit from 
the common form, that no one at first would think it belongs 
to the same species.” 

M. Gadeceau, who is familiar with the flora of 'Wcstcni 
France, also writes me as follows: — “The position of Nantes, 
in which I live, enables me to verify the fact of the influence 
which the neighbourhood of the sea exercises on inland plants. 
In fact, they all undergo more or less modification as they 
approach the coast, and nearly all our species ought to have 
a var. inariiwia. 

“ On the very confines of our coasts Ulex europwus forms 
stunted bushes ; on the long points which stretch far into 
the sea, these bushes are scarcely some decimetres high. 
Similarly, a great number of plants from inland have become 
dwarf or creeping (procumbent), e.g., the following list, which 
has been verified by myself : — Sihne Otites^ var. umhellafa^ LI. ; 
Geranium columhinum ; Althcea hirsuta ; Linum angusHfolium ; 
Medicago Mata; Ononis repens, var. B. (LI., FI. d’Ou^t) ; 
Omithopus pe7pusillus ; Sarotliamnus scoparius ; Trifolium 
angustifolium, T. sU'iatum (reverts to the type on being sown) • 
Aspeimla cyrmncUca; Ajtemisia campestris, var. maHtima, 
LI.; Gnaplialium luteo-album ; Hieracium umhellatum; Lino- 
syrxs mdgarts ; Senccio vulgaiHs (few-flowered and rayed on 
maritime sands); Calluna milgai'is ; Frythrwa Ce 7 Uaunum 
var. ^pitafa, LI. (non F. cap., ToAvns.); Trixago Agrula) 
Plantago muritima ; Atriplex a^igusiifoUa, var. B. angvs- 
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tisshna, LI. ; Asparayus ojjirinalis, var. B. maritimus, Duu. (this 
variety reproduces itself notwithstanding being long cultivated 
in the interior) ; Juncus capitatiis ; Anthojcanthum odoratum 
(A. Lloydii, Jord.) ; D(v tijlis glomei-ata ; Holcus lanatus. 

Secondly, There are inland species which have become 
more downy or hairy, or even woolly, as, e.fj., Hehantliemum 
yidtatum, var. marithnum, LI. ; Herniaria glabra, var. B. 
ciliata, LI ; {H. ciliata, Bab.) ; TrifoUum arveme, var. per- 
pusillum, D.C. ; Thriru^ia hirta ; Jasioiie montana, var. 
maritima, LI. ; Achillea millefolium, var. candicam, Le GaU. ; 
Mentha rotumlifolia, var. viarithna. Nob. ; Slachys rec/a, var. 
lanaia, Nob.; Plantago Coronojms, var. lanughwsa, . 

(Belle Isle); P. lanceolafa, var. lanuginosa, LI.; Aoelena 

cristata, Pers., var. mllosa, LI., &c., &c. • i i 

Thirdly On the banks of salt marshes certain iiilanu 

plants put on fleshy leaves. These are chiefly CIm/sanfhemum 

inodorum, var. maritimum, Lloyd, and AMjdex 7ah/o?m, var^ 

.Mna, Lloyd. The Chrysanthemum grows in the sand on 

maritime rocks, and difTers besides from the type m that t e 

ribs of the achencs are oblong, not rounded, and the in r 

reduced to simple lines. When sown this form reverts the 

first year to the inland type.^ 

“ Fotcrthly, Hypocharis glabra forms in the sand and m 
seaside meadows pediculated tufts. This character disappears 

the first year after sowing inland.^ 

Lastly, In the alluvial lands recently formed by tlic 

excavation of our maritime canal of the I^wer I^ire I 
been able to observe how the mud, rich in t c ri us, • 
stimulated vegetation, and my observations have been em- 
bodied in a pamphlet.” 

.. CoNcnus.OK.-The general result of these observ.at.ons on 


N 


I Flore de VOucst, Lloyd, 4th edit., 19^ 
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the structure of maritime and saline plants is thus seen to 
be distinctly parallel with those on Desert, Alpine, and Arctic 
plants, &c., in that while on the one hand similar charac- 
teristics are noticeable in numerous plants of no aflinity 
whatever, but simply living under the same environment, 
experimental evidence invariably shows how these features 
can be either more or less produced by simulating the normal 
conditions of growth, or can be restrained, by growing 
maritime plants in soils and climates of very difrerent 
characters from those which obtain by the sea. In other 
words, the peculiarities of maritime and saline plants are in 
all cases actually caused by their environment. Those then be- 
come characters recognised by systematic botanists, as varietal, 
specific, or otherwise. 


CHAPTER VII 


ORIGIN OF THE STJlUCTURAL I’ECULIAKITIES OF 
PHANEROGAMOUS AQUATIC PLANTS 

{Ilistology of Roots) 

PuELiMiNARY OBSERVATIONS. — Tliorc js probably nothing 
which acts more quickly in the production of a change of struc- 
ture in plants than an aquatic mediuiu, and by which the respon- 
siveness of protoplasm is more readily incited. Experimental 
evidence is so easily obtained, and the results are so convincing, 
that if one might argue from analogy derived from this 
environment alone, it would seem to be almost enough to 
establish the evidence of the influences of the external con- 
ditions being the true and sufficient origin of variations in 

plants. 

Well-marked characteristic features due to an aquatic 
habitat are seen in roots, stems, and foliage, and in some 
cases even in flowers as well. Allowing for various modifi- 
cations, one recognises them in plants from all parts of the 
vegetable kingdom, which include flowering plants and vas- 
cular cryptogams as well as aquatic thallophytes. 

The peculiarities referred to are best observed by contrast- 
ing them with the corresponding structures in the aerial 
and .subterranean parts of terrestrial plants, and especially 
of those which are allied to the aquatic species, and by 
comparing the land forms with the water forms of one and 
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the same ampliibious species. It will be then at once per- 
ceived that the great feature which stands out pre-eminently 
observable as an invariable effect of a watery medium is 
<legene)'acy. Not only is this obviously apparent in the forms 
of organs, but in the most pronounced manner even in the 
minutest details of histology. Thus, e.g.y M. Chatiii observes, 
after a prolonged study of the anatomy of aquatic i)lants : 

“Les genres ValHsneriay Anachari^y Ilydrilla et UdorUy 

tous submerges et depourvus de tout 61(Smcnt vasculaire, 

justifient mes apor^us, ct disent assez que la dcigradation 

oiganique est, dans le regne vegetal, aussi bicn que dans Ic 

regne animal, on rapport avee le milieu liabite par les 
csp6ces.” 


Since aquatic plants live and thrive in water as their 
normal medium, the inference is obvious that this degeneracy 
of structure, as compared witli that of land plants, so far 
from involving any disadvantage to the former, really puts 
them into perfect equilibrium or liarmony with their environ- 
ment ; in fact, the adjective “ adaptive ” may be applied to 
the word “degeneration.” Consequently those structures 
wluch are essential to an aerial existence — as, e.y., lignificd 
supportive tissues— being no longer wanted, disappear, as 
the stems are not subject to the strain (due to gravity) which 
induces their formation on land ; while new features-such 
as the aenferous canals— are developed instead. 

Begeneracy, therefore, in plant life, does not necessarily 

imply anything injurious, but simply represents features of 

an arrested, or at least simpler character, which are in perfect 

correlation with the requirements or adaptations to an aquatic 
or other existence. ^ 

The literature upon the structure of the various organs of 


* Anatomic comparic dcs VigOaxiXy vol. i. p. 30 
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aquatic plants is very extensive ; and the difficulty lies in 
stating (rather from an embai'ras tie richesse than any paucity 
of observations), as briefly as is compatible ■with the object in 
view, tlieir main features. 

I may add that I have myself experimented with several 
terrestrial plants by growing them in water, as well as studied 
amphibious plants, growing naturally both in water and on 
land, so tliat to a considerable extent I can corroborate the 
results obtained by other observers. 

As with previous cases, the argument that aquatic plants 
have acquired their peculiarities through the direct action of 
the medium in which they grow is based on the same two- 
fold grounds ; first, that of comparative anatomy, derived from 
innumerable coincidences and correlations in aquatic plants 
from all parts of the vegetable kingdom and all parts of the 
world ; and secondly, from experimental verification. Taken 
together, the evidence is more than abundant to establish the 

truth of the proposition. 

The Root-Producing Effect of 'Water. — Commencing with 
a study of roots, the first point to note, with regard to the 
influences of water upon the production and alteration of the 
structure of roots, is that nearly all parts of plants, if placed 
suitably in contact with moisture, can develop roots. O 
course gardeners are familiar with this fact, and arc there y 
enabled to propagate by layering, cuttings, and fragment o 
leaves, bulb-scales, &c. In these cases the plants may have 
no natural tendency to produce such adventitious roots be ore 
the stimulating presence of moisture encourages them to 

respond to it and to develop them. 

Ill many cases, however, it is the regular habit of the plant 

to produce roots at the nodes or elsewhere, like the strawberry, 
and they will commence to protrude them even witliout tlic 
presence of moisture, as when a strawberry-runner is tied up 
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to a stick and made to grow vertically. In this case, not 
only is the runner checked in its growth, hut tlie roots soon 
cease to elongate. This experiment proves that the hahit or 
jjredisjjosition to produce roots from runners is hereditary or 
a constitutional character. Of course .strawherry runners 
normally grow in contact with the soil, and therefore readily 
strike root at every node ; but many plants, sucli as the black- 
berry, some ferns, <fec., send their shoots or elongated fromls, 
respectively, first into the air, and they only reach tlie ground 
after it may be a long period of growth ; but as soon ns the 
terminal point touches the ground, it strikes root Here 
again there is a predisposition which is called into action as 
soon as the fitting external condition, namely, a moist soil, 
is obtained. 

As examples may bo mentioned Ruhus frutieosm^ vars. 
rhamnifoUus and corylifoUus, which form a “callus” at the 
terminal bud of the barren shoots, from which roots arise ; 
on the other hand, var. suherectus does not do so. Solarium 
Dulcamara often roots in a similar manner. AtUanium cau- 
daturn, Asplenium rhizophijUum, and Scolojjendrlum sibincum 
have long tapering points at the ends of the fronds, of several 
inches in length, capable of developing a bud at the apex ; 
while Adiantum lunulafum continually roots like a runner. 
These all strike root when in contact with the soil. It is 
difficult not to believe that both the] callus in the blackberry, 
and the tapering points with their buds in the case of the 
ferns, have been a direct result of the stimulus of moisture. 

M. H. Devauxi has proved that the lenticels of potatoes 
take on an extraordinary development when they are placed 
m moist air, or better still, when they are completely sub- 


* ffypcrtrophic dcs LaiUctli/a ckcz la Pomme dc Terre ct chez ouclows 
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merged. He lias observed analogous facts on the steins of 
the poplar, and upon the tigellum. of the poplar germinating 
in water, &c. The phenomenon is facilitated by heat, and 
appears to be better produced in light. The author regards 
this hypertrophy of lenticels as representing an adaptation of 
the plant to the exterior condition of great humidity. 

Herr Klebahn 1 has also proved that in Solanum Dideamara 
and Herminiera Elaphroxylon one finds in the bark below 
each Icnticel tlie germ of a root ; the adventitious roots always 
proceed from the development of these root-germs, and it is 
sufficient to put a fragment of a stem into water in order to 

soon see the roots developing through the lenticels. 

Hence, from these few examples, which are sufficient to 
illustrate the general principle, we may recognise two con- 
ditions : first, a general property or power of rooting at any 
point, though it may be more especially at the nodes, w icn 
moisture is applied to the place; secondly, a constitutional 
and hereditary predisposition to form roots at these and other 
points, &c., in a certain but very large number of plants, from 

all parts of the vegetable kingdom. 

Jly contention is, therefore, that the latter plants ave 

acquired this predisposition or hereditary character from the 
constant habit of producing roots in contact with the groum 
or water, so that what is a general property of plant lUc 


becomes a specialised feature in such plants. 

Besides causing the production of adventitious roots on 
stems and other parts of plants, moisture may bring a ou 
a rrreat increase of secondary and subsequent 
a ilain or taproot. If, for example, a root of Ruhus, ^der, 
or other plant, reach a river or ditch or field-dram, 
sometimes produce an enormous and dense mass of root-fibres. 

■ Ueber Wurzelnnla^jcr, nnlcr LmtUdltn bet Ilcrvlinicra Elaphroxylon 
und Solanum DulMmara. Flora, 1891, V- 125 - Taf. iv. 
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It is not infrequently tliat drain-pipes get completely choked 
up by them. As another instance of remarkable growth, 
I would remind the reader of the turnij) root, the apex of 
which penetrated a drain-pipe. The presence of water stimu- 
lated the growth, but instead of swelling, it simply grew at 
the ape.x till it was more than six feet in lengtli, and only 
one third of an inch in diameter at the summit.^ 

This pow'er of elongating may perhaps account for the 
peculiarly elongated tips to the fronds of the ferns mentioned 
above. 

The Effects of 'Water upon the Tissues of Roots. — Roots 
may bo subterranean, aquatic, or aerial ; and comparative ana- 
tomy shows that there are considerable diflerences in their 
histological structures, according os they belong to either one 
of the three kinds. 

A typical subterranean root has the following elements 
near its apex. The epidermis is usually of so simple, a char- 
acter, that some botanists prefer to call it an “epithelium," 
and it may or may not have some of its cells prolonged into 
root-hairs. Then follows a variable amount of cortical cellular 
tissue, until the innermost layer of the cortex or endoderm 
is reached. Some one or more layers of the cortex may liave 
strengthening bands or be sclerotised in various ways. The 
cells of the endoderm form a more or less complete cylinder 
and have, as a rule, the radial walls of the cells characterised 
y a dark spot in the middle, as seen in a transverse section 
It IS apparently due to a fold in the membrane, or is perhaps 
suhensed. Beneath the endoderm is the layer or layers of 
active parenchymatous cells constituting the pericycle. some- 
times caUed the radiciferous tissue, as it is the source of 
secondary roots. The xylem and phloem bundles alternate 


‘ Referred to on p. 53, supra. 
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in position with the nuliineiitary cambium adjacent to and 
within the latter. These two elements are embedded in 
ground-tissue, which completes the structure, of the central 
cylinder. Besides the cambium and the pericycle, certain 
layers of cortex may retain a merismatic character, and give 
rise to additional features, such as cortical fibres or suberous 
tissue, &c. Lastly, the apex possesses a root-cap. 

Now, every one of the above-mentioned elements can 
undergo a change of some sort or another, according to the 
requirements of the plant or to alterations in the environment; 
for e.xperiments prove that one and the same root begins 
at once to respond to the new external conditions, as soon as it 
is made to grow in an altered medium, whether it be air, 

earth, or water. 

Moreover, it is important to observe that the alterations of 
the tissues which thus ensue upon an enforced change of 
environment are identically the same as those features which 
normally characterise roots growing in a medium of the 
same kind. This experimental investigation at once verifies 
the deduction that all such differences as regularly occur 
between terrestrial and aquatic plants (for peculiarities arc 
not limited to roots) have been the actual results of their 

habitats. . , , i. . e 

The Epidersiis of Roots. — The chief variable feature of 

tlie epidermis of roots is the production or absence of root- 
liairs. Differences in their presence or absence are often 
clmracteristic of varieties and species. Thus, if their roots 
be wliolly and deeply immersed in water, i)hints are usual y 
destitute of tliem, as, e.g., Callitriche, Ngmpha-a, Na.ctuH,um, 
&c. On the otlier hand, I have found tliat the long dependent 
roots of plants of Hg,!roch<iris, which float on the surface, 
are densely clothed with them, such being apparently a 
consequence, in that case, of some degree of light. Dr. i . 
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T. IMastors * lias noted tliat “ jilaiits with tlio thick fleshy 
and woody roots rarely produce them ; as of the Crocus, 
Tulip, Hyacinth, Sonchits arveiisis^ Tat'oxicum, and many 
others ; ” so that root-hairs are poorly developed or are 
absent altogether in some plants and occur abundantly on 
others. In these cases they miglit, therefore, be taken as 
a diagnostic character. 

^f. Cliatin 2 observed that root-hairs were formed when 
roots came in contact with any obstacle, which lie considered 
as sufficient to account for their formation. IVI. Mer,'^ too, 
also attributed the production of root-hairs to an arrest of 
growth caused by some obstacle. He finds tliat radical 
hairs are mucli longer and more abundant ns the growth 
of the root is slowed. Dr. Masters found that when 
mustard was sown in rammed clay, “the radicle penetrated 
it to reach the sides of the pot. Having done so, the roots 
produced an abundance of root^hairs.” Tliis ho attributes to 
the presence of a thin film of moisture, and not solely to 
the obstruction. As a rule, they are certainly more abundant 
in a loose porous soil, (xateris jxivibtiSy than in a heavy one. 

M. Costantin observed that roots bearing hairs which are 

few and short in water have them much longer if the 

roots be in earth, and acquire the greatest development in 
moist air. 

The general result of these and other experiments shows 
that the presence, in a greater or less degree, or the absence 
of root-hairs varies according to circumstances, and that when 
different species grow normally under correspondingly various 


^ Joum^ Roy. Hort. Soe.f vol, v. p, 174. 

2 A natomU ^ Plantes adriennes <le VOrdre des Orchidies. Mevu de la 
Soc. Imp. dcs Sn. de Chcrbourn, tom. iv. p. ii, 1856. 
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conditions, they are provided or not, as the case may he ; 
the natural inference is that the environment has produced 
the results which are now constitutional, hereditary, and char- 
acteristic of such species or genera respectively. 

The Cortex of Roots. — The next element to he considered 
below the epidermis is the cortex of the roots of aquatic plants. 
With regard to this, as also the medulla when present, while 
in some cases there is only a more or less irregular separation 
of the cells, as in Althenia} the intercellular spaces may 
increase in complexity until a very perfect and symmetrically 
arranged system of auriferous canals is formed, with or without 

tlic presence of horizontal cellular diaphragms. 

This system of lacunm is one of the most marked and constant 
features of the roots and stems, and, we may add, the petioles 
and blades of aquatic planU generally, of whatever natural 
orders to which they may belong. Hence it is obviously an 
adaptive character, and is quite independent of any affinities. 

The cellular tissue is generally throughout more delicate than 
that of the cortex of terrestrial plants, the walls of the cel s 
being thinner and devoid of the extra thickening matenais 
which produce elsewhere sclerotised, lignified, or suberisc 

elements. , 

No special change appears in the endoderm beyond the 

general arrest of all thickening processes, which are often ob- 
served in that of rhizomes, &c. 

The Central Cylinder of Roots. — With regard o le 

central cylinder, very obvious degrees of degeneracy may e 
seen in the elements of the xylem especiaUy, the vincula 
system of the central cylinder being always much reduced^ 
The actual number of vessels of all sorts is less than m land 


petit. Par M. Ed. Priliieux. Ann. dts Set. ^at., $ >'• 4. P- 

PI. l6, fig. !■ 
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plants, and not infrequently they are wanting altogether j fur 
as they decrease in number, so do they in construction, pjsing 
ftoni spirals or true trachea; to barred (Fr. rayrKs), thence to 

“ liber-cells ” without thickenings, and iinally to total absorp- 
tion, a lacuna occupying the place. 

M. Ph. van Tieghem i has described and illustrated four 

types showing successive degrees of degradation. In the lirst 

group the ordinary organisation is maintained, but witli a 

diminution of tlie number of vessels of the wood or of the 

phloem elements. In Hudrocharis Humboldtii each va-scular 

bundle possesses no more tiian one vessel, each phloem bundle 

IS constituted by a single thread of narrow or elongated cells. 

Of tlie second type Elodea canademis affords a good example. 

Ill tliis the cells obviously destined to become vessels absorb 

thexr walls, in general, before their thickness has become ai> 
preciable. * 


Thirdly, in Naias major there still exists in the central 

cylinder two layers of simple cells around a central cavity. 

The external layer is the pericycle, the interior ought to be 

differentiated into xylem and phloem, but the transformation 
does not take place. 


Fourthly and lastly, in the Umnacem the arrest is still greater 
for he central cylinder is no longer formed. There is only i 
single layer of cells surrounding an axial lacuna The uioOict- 

tKt! n T «'’en differeu 

tiated before absorption hikes place. 

51. Chatin adds many other cases, and the reader will lin.l 
ample lUustrations of these facts in the plates given in hi ,vj 
known work. There are also details to which M. ^ ^ ^ 
does no refer. Thus, gradual degenerations in the^luVk^Z 
of^ vessels IS seen from true spiral vessels to cavities rcplacW 

^m^riedc Structure <U$ PlanU*. Atm. dcs Sci Nnt r cx 
aui. p. 159 . See also Chatia’a Anator,U it„ V tt. T"' 
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them ; as, for example, in Ottelia alismoides the xylem 
bundles of the root has true spirals or trachese. In Hydro- 
chans tlieie are none, but “ barred ” > vessels replace them. 
The stolon, however, has true spirals. Generally it may be 
observed that the roots of aquatic plants undergo a greater 
degree of arrest than the stems of the same plants. 

In Stralioies aloides the root has no vessels, but what 
Chatin calls “ fibres-cellulcs,” elongated tubes with oblique y 
truncated ends, and which seem to be formed of cells winch 
ought to have become differentiated into vessels. The clc- 
gradation undergone by vessels seems to be from “ spira s 
“bars,” then “ punctations,” thence to an absence » 
thickening. The vessels subsequently become replaccc y 
“ fibrous cells.” Lastly, a total absorption takes place, when . 

long and narrow lacuna occupies its position. 

Of these varieties punctated and barred vcs.sels appear 


be the most prevalent in aquatic roots.^ ^ 

Mirbel ^ observed that punctations, bars and 
occur on one and the same ve.ssel, and cal ed them ^ 
tubes," and that it can assume successively t 'esc difler^nt 
appearances. Thus he says : “ A trachea of a s cm can 
terminate in the root in a moniliform 

trachea in the node at the base of the branch, run hrouj^h 
the latter under the form of a punctated tube, and tak , 
the leaves or petals, the form of trachea.” * 


. I .aopt this term as perhaps better "rreati" 

.. raye«.' " It is a sort of imperfect 
form tissue of Ferns may be regarded as a wen p 

“‘““rter^trTrps-itic plants, from an analogous, though, of course, 

^ .4. -- --t 

„„:e®::'th .:;rown c:;lncr„f threL WU.. which spira,. can hecome 
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In aquatics tlic punctated vessels may closely simulate 
punctated fibres, the chief difrereuccs beiii” in the lessened 
diameter of the latter and the more or less oblbiue position 
of the septa. Then these pass into thin-walled fibres f)f the 
same shape, and finally become “fibrous cells,” when they 
may contain starch. 

The general conclusion that one appears to arrive at is, 
that in the course of the difTerentiation of vessels, horizontal 
elliptical spaces arc at first left, giving rise to the ajipearance 
of bars; this is the first form. If these be vci’y regular, they 
acquire the scalariform character so familiar to us in Cryp- 
togams, wliich thus retain pcriiiancntly an elementary type. 
Annular vessels would seem to come next, or perhaps tracheae, 
or true spiral vessels might he considered as contemporaneous 
with them. Reticulated and pitted vessels, as of oak-wood, 

I take to be further difi'erentiations by an increased lignifi- 
cation. It may be added tliat reticulated as well as spiral 
vessels may have the more elementary character of bai-s on 
the same surface. This may be seen in Chatin’s figure of 
Doschnialna (flahra''- and in Oholaria virgintana.- 

Degradation by water appears, then, simply to reverse this 
order ; thus in Trapa 7iatans the vessels are all ringed, very 
rarely with a tendency to the spiral for part of their length, 
^r. Barn^oud thus dcscriljcs them ; — “ Ils sc brisent an contrairc 
a une faible traction cu grands anneaux distincts qui flottont 
au milieu des gouttes d’eau dans lesquelles on les observe. 

II n’y a aucune trace de veritables trachdes parfaitement 
deroulables, et telles qu’on les remarque dans la plupart des 

degTJxded. Of course, one knows that annular and reticulated vessels 

are allied to spirals, as the spiral band can become reticulated or break 

up into rings in the same vessel. But these latter are variations, and not 
necessarily degradations. 

* Op. ct<., vol. i. PI. xxiv. 


» Vol. i. PI. xxviii. 
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plantes i)haueroganies. Co fait s’accorde ici tres bien avec 
I'opiniou de la plupart des anatoraistes, qui consid6rent les 
organes de la vegetation, et en particulier les tiges ct les 
raciiies des plantes aquatiques, comme g6neralemcnt dcpour- 
vues de vraies trachees.” ' 

AVith regard to the mechanical supportive system, M. 
Costantin remarks that an aquatic medium determines the 
reduction of it. This I can corroborate, for it is shown, for 
example, in the root and stem of Bklem cemua when the 
plant grows in water, and not on dry ground. There is in 
individuals growing in the former situation a total absence of 
sclerenchyma on the outside of the fibro-vascular cords and 
no woody fibre; whereas both elements are well-developed 

in the terrestrial plants. 

Tub Koot-Cap or Pileoriiiza.— I have described elsewhere 
the marked differences between the root-cap of Endogens an 
that which prevails in Exogens, and shown that the former 
type is found in aquatic Exogens, as the NymphaiMcw, and 
some parasites. The differences being associated with other 
characters of the root, they all conjointly conspire to prove 
that their peculiarities are attributable to the direct action of 

the medium in which the roots habitually giow. 

The general effects of on aquatic medium upon roots may 
be summed up as follows :-It increases the volume of he 
cortical lacuna. It diminishes the medulla and reduces the 
fibrous and vascular systems. Like aquatic stems, route 
developed in water recall by their structure that of subter- 
ranean organs, but are different by the presence of keuna, 
and by a less development of the vascular elements. Lastly, 

' 1 A.,ao,nic ct Oraa,co„inic du Trapa uatc,.,. Ann. det Sci. Nat.. 

Hot., XXIX. p. 507* 
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lignine is formed witli difficulty in water, as it also is in 
obscurity and underground. 

The mass of observations on the anatr)iny of aquatic plants 
made by numerous botanists collectively, point by their uni- 
formity to the conclusion that all tliese various degenerations 
are tlie actual effects produced by the action of the water uj)on 
the roots, which thus become arrested in responding to the 
external influences. These results are now permanent features, 
and are characteristic of species, genera, ajid orders, and even 
to the whole class of lindogens. "Witli regard to tlie numerous 
points of structure proving an aquatic origin of I'hulogens, 
there is a very marked one in roots which may be here men- 
tioned. It is a well-recognised feature of Kndogens that on 
germinating the axial or primary root is cither not developed 
(as in wheat) or is very transient (maize and palms), while 
adventitious roots are developed instead in ascending series 
from the stem. A precisely similar procedure is seen in 

germinating aquatic plants of Exogens, as in Water-lilies, 
7’rqpa, &c. 

The cause of this arrest, wliich is now hereditary and 
characteristic of terrestrial Endogens as well as aquatic ones, 
appears to be, that as the development of the primary root 
depends upon the assimilative powers of the first leaves formed, 
and as these are more or less arrested in water-plants, the 
axial root is accordingly arrested also.* 


I 




For further details the reader is referred to “ The Origin of Endorrens ’ 
Journ. Linn. Soc. BoUy xxix. p. 505* ’ 


CHAPTER VIII 

PHANEROGAMOUS AQUATIC PLANTS — {continued) 

(Histology of Stetns and Leaves) 

Submerged contrasted with Aerial Stems. In ortlor to 
perceive how water brings about modifications in the liisto- 
logical elements of steins, it will be advisable first to contrast 
the tissues of aquatic with those of aiu-ial stems; as, o 
corresponding parts in amphibious plants, and also different 
parts of one and the same stem wbicb grows out of the water 
into the air. Secondly, they can be compared with those of 
subterranean stems, either when these latter are also sub- 

iiKiryed or beneath a <U‘y soil. 

After having shown, as briefly as is advisable, the diflerenccs 
which occur naturally, it will he seen that precisely the same 

results follow from experiments. 

M Costaiitin ' has published very careful comparisons be- 
tween the anatomical structures of aquatic, am-.al, and sub- 
terranean stems, of which I propose to give a brief epitome and 

to add further matters. 

He illustrates differences in the epidermis, cortex, lacum , 
collenchyma, endoderm and central cylinder, including 

lihro-vascular cords. 

, , I Q ■ \T„f Jini 6 Scr. tom. xix. lSS4> P- 287 . See also 

his it;”; 

7 Sc5r. toin. iii. p. 94- 
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lie observes that just as the increase of the lacimaj will he 
shown to be the first result establislicd by experiniciit, when 
stems normally aerial are kept submerged, so a less proportion 
is always apparent when one compares the aerial stem of an 
amphibious plant with that of the aquatic form, or the ulh'ial 
to the aquatic part of one and the same stem. Tims, for 
example, he describes Mentha aqiiatica^ a branch of a ter- 
restrial plant being kept below the surface of the water : — “ In 
this new medium, the stem enlarges, its angles are less pro- 
nounced, and its surface is glabrous. The internal changes are 
equally well marked : the lacunae of the aquatic part, which 
is the youngest, are considerable ; the cortex has consequently 
assumed an iini)ortant increase in volume. It may be observe<l 
that while the lacunae of the cortex are schizogcncons'^ and 
enlarged in water, the central medullary one is lysigenotuir 
Tliis latter diminishes or is absent from the reduced size of tin* 
diameter of the central cylinder, through degeneracy caused by 
the plant growing in water.” 

The above differences are equally true for Exogens, Endogons, 
and vascular Cryptogams, as Equisetum. 

With regard to colleiichyma, it is reduced in amount or 
absent in aquatic stems. In the case of the Mentha 
the terminal shoot held under water gradually curved upwards. 

* Thut is, caused by the separaiion of the cells*. 

2 Tlmt is, caused by the laceration of the cells. On the other hand, M. 
Barndoud describes the forii).ation of lacunie in the cortex of Ti'apa natana 
as being lysigenuus, and observes that there is much analogy between 
them and those of Hippuria vulgaris^ Myriophyllum^ some species of 
PotamogeUm, and CaUitvieJu vema {Sur VAnatomie ct VOrganog^nta du 
Trapa natans, Ann. dcs Sci, Nat., S 6 r. 3, 1848, p. 228, PI. 13, figs. 12-16). 

The origin of lacunae I would hypothetically attribute to the accumula- 
tion of air in the tissues, as it cannot escape, there being no stomata. 
Irregular lysigenous cavities are first formed ; but subsequently symmetri- 
cal tubes, he., are produced ; a feature which has become hereditary in 
aquatic plants. 
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To sustain the erect position supportive tissues were required, 
so that collenchyma was immediately developed to meet the 
strain ; for the fibro-vascular cords are too degraded to furnish 
assistance. In Equisetinn there is a perfect transition j coUen- 
chyma being at the angles in the aiirial stems, it gradually 
decreases in quantity below the surface of the water, and 
finally disappears altogether, apparently just in proportion as 
the nieclianical strains to be met diminish. 

The endodenu is generally much the same in both, though 
the suberised “folds” tend to disappear in the aerial, while 
they are very pronounced in the aquatic stem, as occui’s also 
in Equisetum and Mentha. 

The fibro-vascular cords are continued from the aerial to tlie 
aquatic portions, but tend to degenerate, and vanish only if 
a plant bo naturally and always absolutely submerged. 

M. Costantin observes that the fibro-vascular cords of am- 
phibious plants preserve in the water the aerial organisation 
when their ha^es only arc submerged ; but it is sufficient to 
compel the plants to grow in deep water for the fibrous and 
vascular elements to become at once greatly reduced, and not 
infrequently do they vanish altogether, as in Aldrovawhay 
which has no longer any vessels in the internodes. 

Perhaps no structure shows the effect of water in a more 
pronounced manner than the various degrees of degeneracy 

which the vascular system undergoes. 

AVhile the effects of the different media are clearly seen, 
it must be also noticed that different parts may vary even 
in the same medium. Thus the aquatic stem of Trapa nafans 
is formed entirely of soft tissue, and cannot rise to the 
surface - but through an increase of the lacunm of the stem 
and the inflation of the petioles of the upper leaves, the 
flowering stem is enabled to rise so as to produce its flowers 
in the air. Hence the cortex forms four or five circles of 
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large lacunae in the upper part of the stem, there being only 
two in the lower part in deep water. 

Again, Mr. A. Fryer,' in describing certain species of 
Poiavwgeton^ says of P. varians^ ^forong. (in Herb, ined.): 
“Stem springing from a tuberous root-etock, slender, usually 
simple below, with a few branches above the midillc, not 
divided into secondary branchlets ; or in shallow water with 
a few branches from the base, each springing from the axil 
of a persistent leaf, and then rarely with very short secondary 
branchlets." 

It will be seen hereafter that leaves also vary greatly 
according to the depth of the water in which they occur 
even on the same plant. 

Ch. !Martins discusses the synonyms of JnsHwa repmiSy 
L., naming seventeen in all, and shows that these arise in 
accordance with the environment in which they grow ; 
submerged, on wet soil, and in dry situations “ Dc tels 
changements dans les conditions d’cxistence am^nent des 
variations de forme qui ont conduit les botanistes h voir des 
csp^jces diff^rentes dans de simples modifications d’un seui ot 
moine type vdgtStal.”^ 

M. Bary calls attention to a special feature characteristic 
of the stems of aquatic plants, whether endogenous or exo- 
genous, and therefore one of adaptation and not affinity, in 
that they are provided with an axile bundle; a feature 
which tends to an approximation to root structure, and so 
becomes indicative of degradation. The reader is referred to 

his work for the enumeration of many aquatic plants provided 
with this peculiarity.® 


» Joum, of Bot.^ vol, xxvii. 1889, p. 33. 

» sur Us Jtacinc, aMfircs o,, Tcm.W ,u„atoirss des Esrdcss 

aejuaUques du Oenrs Jussieva, par Ch. Martins, p. , ^ 

Comp. Auat., ^c., pp. 277, 340. 
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Experimental Evidence of the Effects of Water upon 
TUB Stems of Terrestrial Plants. — M. Costantin and others, 
including myself, have grown ordinary terrestrial plants in 
water with the following results.' The persistence or modi- 
fication of the epidermis may occur. Thus M. Costantin 
found that no change Avas produced in Vicia sativa on the 
stems maintained in Avatcr, while their length had become 
tripled. On the other hand, M. Lewakoffski- found that in 
Epilohium hirsutuyn^ Lycopus europ<tu,% and in two species of 
Lythnnn^ the epidermis of the stem has disappeared very 
soon from tlie submerged plants. As a similar change is very 
pronounced in the ej>idcrniis of leaves, the conclusion one 
would arrive at is, that the absence of a true aerial epidermis 
with many stomata is the direct ellect of the medium ; but 
that when normally terrestrial plants are made to grow in 
water, the change is not always nor ecjually produced, but 
that hereditary effects are too powerful in highly developed 
plants to lose their characteristic features all at once. On 
the other hand, plants like Ranunculus heterophyllus and 
CalUiriche, the difi'erent leaves of which arc continually being 
either entirely submerged or else floating, or even entirely 
in air, the power to develop an epidermis, with stomata or 
not, is naturally accommodative, and responds immediately to 
the’ external medium in which the individual leaf happens 

to be. • 1- 1 

With regard to the thickness of the cortex, M. Costantin (.lid 

not find any appreciable difference in the case of Phaseolus 

vulyaris^ Vicia sativa, Luptinus alhus, and Riciuus communis. 


I AJapted from M. Costantin’s paper. Ann. <lca Set. Nat. BoL, 6 Ser. 

^*2’ Binjluss dcs Wassas au/ das Wuc/.sthum derSUyigel und 

Wurzcln cinujer Pjlanzen. Afcin. dc I'Aead. dc Kazan, 1873. N... 6. Al>- 
stract in Jnst. Botan. Jalircsh., 1873, p. 594 - 
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On the other hand, ^ 1 . Lewakoffski found, by iiiakiiij' tians- 
vorse sections at the same lieiglit on tl»e stoma of the same 
species grown in water and on lan<I, that the aquatic stein 
produced between the cambium and the cortical parcncliynm 
two series of translucent cells without chlorophyll, three or 
four times longer than broad, a scries which did not exist in 
the terrestrial plant. This dillerence also increases witli ago. 

Below the level of the water these two scries of cells become 
a thick tissue provided with lacuiuB. 

The spongy aeriferous roots of Jiissitra repoiis and other 
species are, like canal-bearing steins of other aquatic plants, 
the actual production of the aquatic medium, for they cease 
to be formed as soon as the stem rises into the air, or when 
the stolon is cultivated in soil. If, however, in the latter 
case, the stolon be allowed to extend itself in water, the 
spongy roots immediately reappear, “Un Jmsktia cultive 
dans un terrain sec no pousse des racines caulinaires quo dans 
la portion iuferieure de la tige en contact avec Ic sol, qui con- 
serve toujours un peu d’humidite apr('*s les pluies ; jamais il no 
se developpe de racines aiSiif^res.” ^ 


The fibi-o-vaseiilar system, ns stated, is always more or less 
degenerate in aquatic plants. As in etiolated, so with siih- 
merged stems, one finds in both a like retardation in the 
appearance of the liber fibre-s and a like arrest in the develop- 
ment of the vascular system. Thus, while there is no liber 
in the submerged stem of the castor-oil plant, they are well 
formed m the aerial stem. M. Costantin found similar diilcr- 

the r 1 Lupin. The diininntioi, of 

th! uniform, nms i„ Viria mtiL 

the middle of the aerial stem had 47 that of ti 

only 18 ^ that of tuo aquatic 

xJ • The bottom of the former had 66, that of the 
AL Martins {op. cit.) describes the "laud form" « u • 

derent from the " water fumi." Jau.l form as being very dif- 
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latter 46. Iticinus communis had similarly 26 and 21 against 
10 and 19 respectively; while Faha vulgaris growing on land 
had 5 at the sides and 36 at the angles. Those numbers 
were reduced to 2 and 15, in corresponding positions, in the 
aquatic stem. 

As the preceding results from experiments exactly tally ^\^th 
the structure of normally aquatic plants, the conclusion is 
inevitable that this regular and persistent reduction in the 
number of vessels is a direct result of the eflects of water 
upon submerged stems. 

M. Costantin sums up his results as follows; “The 
aquatic medium determines the formation of cortical or 
medullary lacunse, and it arrests the development of the vas- 
cular and fibrous tissues.” 

Aquatic Pi^ants Grown on Land in Air. — In the pre- 
ceding section I have considered the cllccts of the medium 
upon the structure of normally terrestrial and aerial plants 
when grown in water. We will now sec that the converse 
effects tend to appear when aquatic plants arc grown on 


land. V- 

There are numerous plants which arc frequently ampni- 

bious,” living submerged entirely, or in part with no.uting 

leaves, and also on tho mud, or even dry soil, when the wato 

has disappeared. Such are Ranunculus helerophyllus, Pephs 

Partula, species of Potanwysion, Callitriche, Myrioplnjl um, 

Bidem, &c. In comparing the histological structures of the 

two forms, one finds profound differences; yet there is no 

question of their being derived from one and the same source 

respectively. That this is the case is proved by baking he 

water form and growing it experimentally on land, or the 


land form and growing it in water. 

ftf. Costantin selected plants of the aquatic form o 
rortnJa, and grew one in water and the other on land 


Prplis 

The 
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former, as is usual witli aquatic forms, had elongated inter- 
nodes, while in the other they were short. In both stems 
the cortical parenchyma was liollowcd out with four large 
lacunas. In both they were mainly the same size, but while 
the septa remained homogeneous in the land form, they were 
hollowed into secondary lacunae in the aquatic. 

Similar changes occurred in CaJUirirhe staritiaUs^ Naslurtium 
officimile, and Myosotis palustris. In Callitriche, wliilc the 
intercellular spaces increase much in size, the cortical cells 
become rounded in the aquatic form, instead of becoming 
quadrangular, as in the land form. 

Thus,” adds M. Costantin, “the aquatic medium detry- 
mines the increase of the cortical lacunm of the stem ; it is 
the result which comparative anatomy leads one to foresee, 
but whicli experiment alone could prove. These variations! 
though slight, are not the less interesting, for they show 
lat the duration of the existence in air has no need to bo 
proonged before the differences show themselves. hlxpori- 
ments, moreover, prove that the lacxinm are still persistent 
when the plant is grown in an aUrial medium ; the plant, 
lerefore, notwithstanding the new conditions of its environ- 
ment, retains the character of its aquatic life, although tlioy 

a crir, 

accrue from heredity. 

vcaacls 

in Penlis T '“nd. Thus, 

M - corresponding numbers were 25 and 

Rrouns'^in tl which lias isolated 

3ar fibre- 

V, . . ® ^bc iand form. Moreover, tlio degradations 

land tom *'" disappear in the 
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jNI. Je Bary ^ divided vessels into two categories — imperfect 
and rudimentary, to which may be added a total absence 
or arrest of all trace of them, a lacuna occupying the position. 
Plenty of illustrations of these conditions may be seen, e.y., 
in the plates in M. Chatin’s work; but if a few common 
water-plants be dissected, the reader will soon discover ample 
evidence of this deteriorating effect of growth in water. 

While the vascular system at once begins to “improve,” 
so do collenchyma and liber fibres to appear. The interpreta- 
tion is, that as the steins require means to support them- 
selves in air, these tissues are developed to meet the strain 

to keep them erect. ^ 

An increase of the central cylinder accompanies the develop- 
ment of the vascular system, and shows that the central 
vascular cord is a structure analogous to that of terrestrial 
Exogens. U. Costantin’s figure of Pej^lis Portula shows that 
the ^aquatic medium, by reducing on the one hand, the 
diameter of the pith and of the central cylinder, by arrest- 
ing the development of the vessels, determines the formation 
of a central body, wiiich, by its minuteness and the feeble 
importance of the vascular system, has been regarded as a 
sin‘de vascular cord. The aquatic stem of Pej^lis, in its 
totality, recalls absolutely the structure of the central system 
of many stems of PrimulwicfB, Scrophulariv^(s, &c. One can 
therefore pass by a series of transitions from the structure 
of the “body” which is found in tbc centre of certain 
aquatic stems to the normal type of a fibro-vascular cylinder, 
surrounded by an endoderm, and containing medullary tissue 


within it. . . i • i 

There is another feature in certain stems which 


would 


* VeryleichcruU Anatomic^ p. 381 seq. 

2 The reader i« referred to chapter xi. for a 
to niechacical strains. 


full discusstou of ndaj)tutions 
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seem to be due to the cfrect of water, judging at Jea.sL liy 
its appearance in aquatic or sub-aquatic plants. It is called 
an astehque condition by Van Tieglicin, wlio has sliown that 
in several horse-tails, Kquiffetum /unon7tnt, K. lUtorah'y iVc., in 
OphiogJosamny and in certain Kxogciis, Xtimph<v(ice<i‘y Htmunruhni 
Liriguay R. aquatiliSy &c., and of Endogens in IliitlrorhnriXy 
LinifiockariSy <^'c., the stem is characterised by the abstuice 
of a true central cylinder or ftfcle. They arc tlicrefore 
astelique. Each libero - ligneous cord is in fact plungeil 
directly into a parencliyma which is continuous from the 
periphery to the centre j a layer of which bordering each 
cord is developed in a siHjricU endoderm together with its 
own pericycle around it.^ 

One knows, on the other hand, that the pericycle is by 
definition the part of the conjunctive tissue of the central 
cylinder which lies exterior to the libro-vascular cords. In 
the astrliqtie structure there is, therefore, no true central 
cylinder; so that there would be neither pericycle nor pith 
nor mcd\illary rays. 

M. van Tiegheni gives the name perulesnie to the layer of 
tissue which in the astelique structure surrounds as a particular 
endoderm the liber and the wood of each fibro-vascular cord.-^ 

U. Costantin appears to have observed this peculiarity 

in 1884, for he remarks L’endodernie dc la tige ilnralc 

(of RanuTicuhte hetcrophyllus) entourc coinpI6tement eliaque 

faisceau, au lieu de contoumer tout le cylindre central, coinmo 
cela a lieu pour la tige submerg^e.” » 

The Comparative Anatomy op Aquatic and Terrestbiai, 
SODTBRBANBAN Stems. — Commencing with cortical laenna, 

^ TraiU de Botanique, p. 764. 

» Remarquet sur U Utruciurc dc la Tine des Prilce 
No. 21, 1890. 

^ Ann, dcs Set, Nat., 1884, 6 Sdr. tom. xix. p. 3,8. 


Joui-n. dc Bot., 
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jNI. Costaiitiii shows that those which arc so characteristic of 
stems surrounded by water are retained in aquatic sub- 
terranean regions though reduced in size. In fact, the cortex 
of one and the same stem may present three different aspects, 
in the aerial, aquatic, and subterranean regions respectively. 
Tlius, e.g., in Veronica scutdlata in the first region, the 
cortex is feeble and the lacimffi numerous; in the sub- 
merged part, the volume increases as the lacunee become 
very large ; while in the subterranean portion the lacunje again 
diminish, but are not so small as in the aerial part. The 

above is equally true for other plants. 

He found that by burying tlie aerial steins of Ranunculus 

heteroph :iUm at the bottom of the rvater, the cortex at once 
became thicker. This fact, he adds, proves that the increase 
of the cortical parenchyma in the subterranean parts exists 

for aquatic as well as for terrestrial plants. He 
with the words One observes, therefore, in the terrestru 
parts of aquatic plants, the ordinary increase of the cortex 
his region becomes hollowed, however, with lacume by e 
action of the medium being partly aquatic iii which the 

‘''‘wTrtw’to a suberous layer, a corky surface rapidly 
appears on lubterranean '^VmLh tdifi!:;: tmTC: 

s suberiaed. ^ nIhilleroT ^Ltrial 

,s ,,, observes, that the very humid 

^ TTn which these rhizomes grow offers less resistance o 

s, ' 

,Ur ^.nn^it'intlv in subterranean 

. “r v:- m-. 
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plants undergo equally this change. Thus a subtoiTaneaii 
stem of Helo6ci(ulum inundatum, which was much older than 
the aquatic stem, did not present colicnchyma in the cortex, 
while the latter liad it in front of tlic cords. 

ith regard to the endoderni, the middle walls are slightly 
suberified; the expansion of the wall pioduccs a fold, which 
gives rise (according to Schwendener *) to the characteristic 
black spot. In the rliizomo of IleloscioiJtim these spots do 
not occur, although they are present in the aquatic stem. 
In other stems they may occur in botli, as of Myriophyllum, 
or in neither, as of Veronica. Suberine is, however, produced 
with difficulty in aquatic stems generally, cither in the external 
layers or on the walls of the endoderm. 


M. Costantin thus sums up his observations: “After having 

established experimentally how the sojourn of a stem in 

water, in air, or in earth modifies it, I have looked to sec 

how the preceding modifications occur upon one and the same 

axis divided into three regions plunged into three different 
media. 

“The comparison of aquatic with subterranean stems shows, 
for the latter, that the lacunse are reduced in size ; the vascular 
system is a little more developed ; the fibres and collenchyma 
disappear nearly completely ; the peripheric layers are suberi- 
ned, and the endoderm is more differentiated.” 

I wiU conclude this section with a brief comp.arison between 
the anatomical details of Biden. growing in water and 

on hardened mud, wliich I have had an opportunity of 
observing. M. Costantin has also examined the same plant. 
In his figures he shows that in tho subterranean parts the 

buTliTtl^®'' r r™* nothing 

but little quadrangular interspaces remaining. In my spcci 
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mens the lacunae were present, hut greatly reduced in size. 
In M. Costantin’s case the xylem is isolated, and forms a 
more or less quadrangular mass in the very centre of the 
root, up the axis, the ceUs being arranged in no order. In 
mine, there was a perfect and dense cylinder of wood of 
radiating fibres with scattered vessels, surrounding a central 

pith with a circular lacuna. 

The aquatic and terrestrial habits, however, were correlated 
with other differences respectively. Thus the structure of 
the basal and creeping part of the stem, from which adven- 
titious roots descend, showed similar differences to those of 
the roots. In the case of the aquatic plant the fihro-vascular 
cords were separated into wedge-shaped masses. In the 
terrestrial they formed a continuous and compact cylinder. 
The cortical lacunm also were smaller than in the aquatic 
plant while the epidermis was composed of square cells m 
the land form, and narrow elongated ones » in the con-espond.ng 


Similarly, in the aiirial parts, the stem was 
broader tlian in the land form, topering upwards ; while in 
L latter it was more cylindrieal. In the aquatic, there was 
a compact medulla, with wedge-shaped isolated cords or xj lem 
without sclercnchyma, and more numerous cortical lacuiim. 
in la^d form, Lh cord was provided with an outer dense 
mass of pcricycular sclerencliyma. Lastly, a very large lacuna 
formed by laceration occurred in the middle of the pith. 

^ The above details will be sufficient to show how profoundly 
the metm affects a plant according as it grows in water or 

“Ltlv^rr"' AqitoTio P..A.XS, roman D.Monrn.s„._T.ie 
ncrtal and floating leaves, when present on the same aqua t c 
1 Thus diltcrcnce i. perhaps correlated with a reduced tension ,n the 


epideriPfvl 
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plant, generally diirer very greatly in form, and always in 

structure, from the sulmiergetl leaves. In Raniinruhis hetero- 

2>hylhu'tj Cabomha aquatica, Trapa rm/arw, &c., tlie Heating 

leaves are more or less rounded, with an entire or crenaU^d 

margin ; while the submerged ones have dissected and filiform 

segments. In Nymphcea tlie floating and subjnorged leaves 

are alike in form but diliereiit in structure. In HipjmrU and 

CallitncU the aerial and floating leaves arc linear and short 

in the former, round in the latter; while the submerged 

leaves of both, as well as those of Lohdia Dorhnanna, Umo- 

sella a(piatica, and LittoieUa lacusiris, arc ribbon-like or 

linear, recaUing the prevailing form of submeiged leaves of 
Endogens. 

In all cases the submerged leaves are of a more delicate 

texture, more or less translucent, and of a brighter green 
colour than the others. 

With regard to tlie anatomical structure of a submerged 
leaf, it allows degradation in every part. Tlius, the epidermal 
cells of Ilipimrh completely alter their shape, becoming elon- 
gated with straight walls, the cuticle disappearing, and there 
are no stomata. 1 The mesophyll is greatly reduced in quantity 
as also are the chlorophyU grains, while the iacuiiffi enlarge,’ 
the pliloem and liber being much reduced. The ve.ssels also 
diminish m number to one quarter of that in the aerial leaf • 

the epidermis of the submerged 
leaf forms the superHcial layer of the mesoi-liyll containing 

ChlorophyU, Its inner walls not being parallel to the surface! 

- P- ‘•P. -> 
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but fitting between the angles of the subjacent cells. There 

is a similar reduction in aU the interior elements. 

Very pronounced differences occur between the leaves of 
plants of the same species growing in deep and shaUow water 
respectively. Thus Isoetes lacustHs, var. stricta,^ is a result o 
its growing in shaUow places ; while /. lacustris, var. elatior, 

frequents much gi*eater depths.^ 

SagittaHa sagittifolia is interesting as furnishing transitions 

from the submerged, purely ribbon-like form to the aena 

sa-ittate blade. In deep water it produces the former only , 

nearer the surface the ends of the leaves assume a spathulate 

or sub-elliptic form ; the next type is an elongated hastate , 

and finally the sagittate form is attained. 

T,t lost i:.terLting family of plants which “es h.s 
feature is the Nympha>ace^. It was long doubted whetto 
they should be classed as Exogens or Endogens ; for they 
prsLsf so many features characteristic of the latter class 

These features, however, are simply adaptive to 

have become hereditary and typical of l-ndogens, whether 

“‘*’;«:rd to the leaves, the first formed are arrested as 

linear phyllodes ; and a close comparison may be made, e.y. , 
betToer^l^e foliage of Victoria regia and that of S^ttar.a 
H fnlio Thus the first leaf in a Victoria seedling is a 

;Tt:!^f without an; blade; the second h^ ^ ‘Te'.'^llmsubt: 
the third is hastate ; the fourth sagittate-peltate , the subso 

nuent ones being orbicular-peltate. 

^ etanittaria has ribbon-like foliage when growing 
wateT and is then known as the variety 
CasBo’n and Germ.; the following leaves are as ^ ’ 

hastate, and sagittate. The sagittate-peltate is attained y 

» Fliche, Lcs laoctes dca Voayes, 1879. 



PIIANEIlOGAMOas AQUATIC PLANTS 1 6 $ 

genera Caladium and Alocasia, and the orbicular by Hydro- 
charts of Endogens.' 

A cause may be suggested for the origin of tlie hastate and 
sagittate types of submerged leaves, as follows : — As long as 
the water is more or less deep and poorly illuminated, a 
tendency to elongate the phyllode, like a stem in etiolation, 
exists; but as light increases in shallower water, an opposite 
effect takes place, namely, an arrest of tlic elongation sets in. 
Growth, however, continues, and this can only find relief in 
some lateral expansion. In many cases this takes the form 
of an elliptical blade, as in Potamogetoti natans^ &c. ; but if 
the lateral growth is more limited in extent, it appears as 
slight bulgings, which give rise to the hastate form. By 
increased lateral growth it passes into the sagittate, the points 
necessarily turning downwards, as upward growth would be 
checked, just as the central terminal growth is, by light. Two 
illustrative cases support the above view. M. Costantin 
describes an instance in which the hastate form of Sagitiaria 
was just commencing to be formed, when the water in which 
it was growing became suddenly deepened. The leaf con- 
tinued to grow, but now recommenced elongating its apex as 
before, when it was solely ribbon-like.^ A specimen in my 
own coUection has a hastate blade, but all three points are 
ribbon- like and elongated. 

Tlic conclusion appears inevitable that these above-described 
forms are produced in response to the conditions of an in- 
creasing amount of light, which acts in an arresting way upon 

the plant as the leaves are developed nearer and nearer to the 
surface. 


I'or further details the reader is referred to the 
of Endogens” (su^ra, p. 149). 

^ Etuda sur /« FexiilUs des PlanUs aquatiaues. 
Sdr. 7, tom. iii. PL v. 6g. 37. 


paper “On the Origin 
Ann. d€s Set. Nat., 
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HcreJitary influences now come into play ; for the ultimate 
forms of the leaves of aquatic plants begin to he foreshadowed 
in the hud at the bottom of the water in anticipation of the 
conditions to which they will he respectively suitable. This 
may he well seen, e.g., by growing Raminculus heterophtjllus 
in a howl of water. After producing the submerged dissected 
leaves, the floating form is developed below, and the petioles 
elongate more or less according to the depth of the water til 
the blades reach and float on the surface. So strong is this 
hereditary force, that when seeds of this plant are sown in earth, 
the plant still pursues the same course, developing a certain 
number of dissected leaves, but anatomically of the aerial type, 
and subsequently leaves of the floating type, suggestive of an 
■■ instinct at fault.” The whole plant, however, is now m 
perfect adaptation to its terrestrial and aerial environment. 

Just as the leaves of RanuMulus lieterorhylh^s can be thus 
altered at ivill, so, as remarked in the case of Sagi ana, a 
sudden elevation of the water will change the form of 
developing leaf at once. Thus, not only, as described f an 

arrow-headed leaf is in course of development and be y 

Tade to -wow in deeper water, the “ arrow ” becomes elongated 
or “linear-sagittate,” but at the same time the follo^g leaves, 
which would have been sagittate, now remain spathulate. A per 
manent increase in the depth of water, therefore, induces 

retro^^GSsion in tho developni6nt* ^ 

It may be added that any cause which arrests the vigour of 

a plant may bring about a similar retrogression ; thus if the 

diSentiated leavts of be cut away, the subsequent 

‘“^rerrarfoUm'^inlmical details due to the aquatic medium, 
such arUie reduction of hair on submerged leaves of 
hirmtum, Polygonum ampMbium, and Ranunmdus acr,s, Ac , 
the aL; of sclerenchymatous structures and a reduction of the 
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supportive system ; but as these have already been alluded to 
in submerged stems, it need only be added that exactly the 
same procedure takes place in submerged leaves. 

Witli regard to floating leaves, the rounded form is very 
characteristic, as in the exogenous Nijmj^haaceiey Cahomha^ 
Limnanthemian^ and in the endogenous Ihjdrocharis. As these 
plants occur in widely different orders of Phanerogams, one 
would on d priori grounds infer that the form was in some 
way in adaptation to their environment. Now wo are in- 
debted to Mr. W. P. lliern for having investigated this 
matter mathematically, and he has arrived at tlio conclusion 
that, on the supposition that “ the marginal vigour of growth 
is the same at all points,” — a reasonable one, as the margin 
develops symmetrically and forms an approximate circle, — 
the leaf develops in adaptation to the strains to which it is 
submitted in running water. Mr. Hieni adds the following 
remark, which is quite in keeping with other phenomena in 
plants : — “ It is a tenable hypothesis, and by no means im- 
probable, that during much or most of the time when actual 
growth is taking place, and when the velocity of the current 
is subject to many and various vicissitudes, the plant lias the 
power of adapting its growing efforts to the circumstances 
just necessary for its development, . . . The theory dis- 
cusses the forms which floating leaves would find mechani- 
cally suitable for their growth and maintenance, in order tliat 
they might dwell free from unnecessary strains and wrenches, 
and under an equal distribution of their power of growth, 
which, as we know, is capable of exerting considerable force 
under compulsion, but is in general slow and steady,” ^ 

Everytliing tends to support Mr. Hiorn's view ; and I think 


1 U 


A Theory of the Forms of Floating Leaves in certain Plants,” by W. P. 
Hiyn, M.A Proe. o/ the Cunu PhU. Soc., October 1872. Jousson (Ba-. 
d. deut. Bot. Oct., i. 1883) bos observed that the direction of growth of 
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that we may add that the varieties of dissected foliage of 
Ranunculus heterophijUus may be traced to analogous causes. 
Thus, wliile the form fiiUtans^ with long parallel segments, is 
characteristic of rapid streams, R. dreinaiuSy with circular- 
arranged segments, frequents still waters. 

Characteristic Features and Adaptations of Aquatic 
Leaves.— Plants which have their leaves normally either all 
submerged or with some floating, exliibit quite as marked 
peculiarities, both morphologically and histologically, in these 
organs as in stems and roots. 

They take generally, as described above, one of two forms when 
growing entirely below the surface : they are either ribbon-liko 
or finely dissected. The former prevails in Endogens, the latter 
in Exogens ; though the submerged leaves of Hippuins, Lobelia 
Dortmanna, and some others, resemble the endogenous type. 

My contention is that all the forms of submerged leaves, as 
well as the floating, are the direct outcome of the conditions 

under which they grow. 

I propose making a brief resuim^, as before, from 
Costantin’s paper,i and then supplementing it with my own 

and others’ observations. 

I Ribhon-like Leases.— These are met with in the greater 
part of endogenous aquatic plants. Under the action of water 
these leaves elongate to a much greater length than do the 
leaves in air. Thus M. Costantin shows by figures how the 


Dlant-urvana is effected wl.vn they are vxpused to the mfluence of » current 
I^! witer : he designates the induced pl.enou.cnon by the torn, /fAco<rop.rm. 
Vines, “ Phys. of Plants," p. 473 - See also Behrens, Jahresb. N«l. Oa., 

■pUifrfuld iSSo: Kosmos, vii. (i8So), pp. 466-471. j? ’n . 

, /’A.. Ucs ScL IIJ8.. d Alger, BuU. 

Eltdtl Plantes aguatiques. Ann, dcs Sci. Nat,, 

S< 5 r. 7, 1886, tom. iii. p. 94 * 
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leaves of Sagittaria when deeply submerged can reach more 
than six feet in length. They can, liowcver, be tlevclopod 
in air, when, instead of being long, soft, and flexible, they 
are short, firm, and erect, though still retaining the ribbon- 
like form. The same fact may be noticed in Sc.irp^is lactistris 
and Sparganium minimum. In the case of 
Costantin changed the form at will by transplanting an 
aquatic plant on to land and vice versd : all the leaves jiro- 
duced under water were long, undulated, and delicate j whereas 
those in air were short, erect, and firm. 

2. Capillary Leaves . — Many observers }»avc recorded the 
fact, that while the capillary form is characteristic of tlie 
submerged leaves of Exogens, as of Ranunculus heterophyllus 
and others, when the shoots reach the air, or the water dries 
up and the plants become terrestrial, the new leaves generally 
remain capillary, but are altered considerably both in form 
and structure. Thus the segments become less numerous in 
the air, and the ramifications are shorter, broader, and thicker. 
A transverse section shows an oval outline, wherctis that of 
an aquatic segment is circular. Nature frequently performs 
this experiment, while several botanists as well as myself ^ 

I collected seeds from a form very near R. liaudotit. Good., growing 
in shallow rain-water pools in the rocks in Malta. They grew in waUr 
to much larger plants in England, and more like our typical R. ktUroph 
during the summer of 1894. But from having been annuals in Malta— 
as the pools are always dried up by August— my plant-; have assumed 
the character of ‘‘perennials,’’ and are still flourishing (Ft-b. 9, 1895), 
having been frozen over more than once. A curious alteration has taken 
place in the form of the “ floating ” leaves. In Malta they are cuneate at 
he ba.se, with a rounded but crenated margin on the di.stal eud. They 
are now all deeply pinnatifid, with flat, ribbon-like segments. Moreover, 
they are more inclined to be partially or entirely under water, but close 
to, rather than actually and entirely upon, tho surface. 

iVuy lofA.— The typical floating form has reappeared, but is larger than 

in 111 •« I o 
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have raided terrestrial plants from seed collected from aquatic 
plants, when the same phenomena appear.^ In my own case, 
the plants, after producing a certain number of dissected leaves 
of the aerial type, developed others of the floating form, 
although it was in air. The stomata were as usual on the 
upper side, but a few made their appearance below. 

In this case was seen very neatly the influences of tlie 
environment in combination with heredity ; for by transferring 
plants backwards and forwards from water to air and vtce 
versa, the previously formed dissected leaves perished in both 
cases, while new ones were always and at once formed m 

adaptation to the new environment respectively. 

Myriophyllum'^ furnishes similar phenomena, as I have 
myself proved. M. Costantin adds a third illustration in 
CEnanthe Phellandrium. The aerial leaves of this plant are 
very much dissected, but their structure remains firm, and 
their tint a pronounced green. The aquatic leaves are, on 
the contrary, very thin, and of a pale green colour ; the 
simple dentitions of the aiirial leaf become deep incisions, 
and the teeth of the filaments fine and narrow in the aquatic 

“‘r Leaves with a La, ye and Thin Limh.-^ne\, are the sub- 
merged leaves of Nuphar luteuni. These leav^ are often 
at the exterior of the plant, and arc of slight thickness and 
remarkably translucent ; the colour is of a bright green, and 


1 M. A.kenay (Dot. Zeit.. .S70) nnade plants germlnat.. M. M«r 

f Hooker observes a 
friiiii those raised on land. 
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their feeble consistence allows them to wave gently in the 
water. Potamogetoii hicens is a similar type.* 

4. Intermediate Cases. — M. Costantiii observes that the 
study of some of the Podostemacecc seems to justify the 
preceding views. One can infer from a compari.son of the 
forms of leaves of certain species of this strange family 
how successive transformations have occurred from an entire 
to a dissected leaf. He illustrates a leaf of Mourera 
Jtuviatilis in which the margin is partially dissected. It is 
thin and transparent, being cut at the periphery, as if one 
liad removed all the tissue which is between the ex- 
treme ends of the veins. From this stage one can pass 
through other species to those in a completely caj)illary con- 
dition.® 

In Endogens an analogous arrest of intra-fascicular paren- 
chyma is seen in Ouvirandra ftm^istraXis^ and in a less degree 
in some submerged leaves of species of Pofamogeton. 

Several observers have noted what I have found to be the 
case with Ranunculus heterophyllus — that aerial leaves perish 
under water, and aquatic leaves perish in air. Thus, M. Rozer 3 
records this as occurring with Nuphar luteum, while M. Mer < 

^ As Phanero|rams supply ample material for proving the effect of water, 
1 have not alluded much to Cryptogams. An interesting case, however, 
has been described by K. Giesenbagen in a paper Ueber hygnfphilc Fame 
(Flora, 1892, p. 157), in which Asplcniiim obtuti/olium, L., vur. aqtialieum, 
18 menuoued as more or leas approximating the RymenopkyUacca ; thereby 
indicating the probability that the so-called “ filmy ferns ” owe their 
simplicity to degradation from a similar cause. 

= I would refer the reader to Professor Eng. Warming’s treatise on 
the P.^o 9 U,macea: (published 1881, 1SS2, 1888, and completed in 1891, with 
numerous plates and illustrations in the text) for further details on the 
remarkable structure of the plants of this family. 

* Plorc de la Cdtc-d' Or, Nytnph(ac 6 cs. 

T? * aquatiques. LuU, dc la So-, liot. de 

Fr.y 1878, p. 89. 
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adds that the same plant has coriaceous leaves when they 
stand out completely into the air. 

These differences do not always occur on the same plant, 
for some species appear to have become permanently sub- 
merged, and can only live entirely under water. Thus I 
found that Ranuncubis circinatus and Elodea canadensis are 
in this condition ; and, to judge from their appearance, it is 
probable that the Podostomacece, like many Algw, have 
arrived at this advanced stage of degradation, so that tliey 
cannot resist the slightest desiccation without fatal injury. 

The rapid adaptation to a new medium is well seen 
when a half-formed floating leaf is submerged; for it is at 
once arrested, and then begins to readapt itself to water. 
This may be readily seen in Ranunculus heterophyllus and 
Sogittaria^ as already described. An analogous case occurs 
in the leaves of Callitriche, in which submerged leaves tend 
to assume the ribbon-like form, the aerial being oval 

These experiments show that when a leaf is quite adult, 
the change of environment kills it ; but when it is in course 
of its development, it can then change its adaptation and fit 

itself for the new environment. 

M. Mer is another botanist who has studied the structure 

of aquatic plants.' _ . 

In the first paper referred to below, he gives a minute 

description of the morphology and anatomy of the leaves of 
Ranunculus aqnatilis (Jieterophylhis) and Liitordla lacustris 
when growing on land and in water, as well as of the sub- 


1 Res ModiHeatiems dc Forme cldc Sir, .dor. 1“' 
cuiutnl qu'dle, vdjitml .1 I’ Air ou so, is VEau. R,.U. dc la Soc. Bot. dc P 

'^^'c^'causcs ,,ui ...odijlcnt la Strudarc dc ccrlaincs PlaoUs aqualiqu.s 
...Xntdans V Eau. Bull, dc la Soc. Bol. dc Pr., . 880 , p. .94- S- al.o 
his later contributions iu subsequent ye.«rs. 
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merged and floating leaves of Potumogeton iialans. Having 
examined several plants in the two eoiiditioiis, he was enaldcd 
to summarise the differences as follows ; — The stems, petioles, 
and sessile leaves of aquatic forms arc generally of greater 
length, the breadth being sometimes greater (A. lanuitrU, 
Carex amjmllacea), sometimes less {R. a^juatilis, R. Jlammula, 
Callitrxchey Sfh'inis). The chloroj)hyIlous cells are less 
abundant and the grains fewer in quantity. The fibro- 
vascular cords are less developed. The vessels are less 
numerous, tlieir dimensions narrower, their walls more deli- 
cate. The epidermal cells are more elongated, and with recti- 
linear outlines, and the walls are thinner. Stomata and hairs 
are rare. In some species, as R. aquatilis and Myriopligllum 
alteniijlorum, the differences in the form of the leaves are 
still more pronounced. Not only do they become shorter 
when developed in air, but they are flatter and tend to 
develop a lamina. The dimensions of the limb of the aquatic 

form arc more slender, till they nearly disappear, as in Potamo^ 
(jetoii natans. 


M. Mer has also noticed a very close correspondence be- 
tween submerged organs and those of terrestrial plants grow- 
mg m places more or less devoid of light, or etiolated. This 
IS seen in the elongation of the stems and in the ribbon- 
hke leaves of submerged Endogens. These are really phyllodcs. 
When Myriophyllmn develops dissected leaves in air they 
exactly correspond with those of Rayiunculvs aquatilis; but 
w en the plants were subsequently placed in weak light, 
the newly developed branches and leaves became intermediate 
m character between those of aerial and aquatic forms. The 

W^es^^^ tiifferent structures on the same 


When aquatic and terrestrial forms were grown under a 
bell-glass m light, the new shoots of the aerial parts approxi- 
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inatecl the aquatic, and those of the aquatic now gro-wing in 
air approximated the aerial in form. Botli forms approached 
tlie usual results of etiolation. 

M. Mer explains these results as follows : — The elongation 
of the axis and petioles in obscurity, with an arrest of blades, 
is attributed to the former using up the materials intended 
for the latter; while in the blades the cells develop less 
chlorophyll, consequently transpiration and assimilation are 
both checked. If one holds under water a young floating 
leaf of li. aquatiUs, the development of the limb is at once 
checked, — just as M. Costantin proved in the case of Sagit- 
taria , — while that of the petiole is increased, and it elongates 

immoderately. 

Conversely, as soon as the limb comes to the surface it 

enlarges, and the petiole ceases to grow. 

If one suppresses the limb, the petiole elongates less vigo- 
rously, and stops when it has consumed the starch which it 
enclosed. The limb is then necessary to dmw this substance 
into the petiole, but it only uses it completely itself when it 

is subject to a sufficient transpiration.^ 

M. Mer thus writes on the effects of etiolation : ^ 

“ The inferior internodes and petioles become longer, because 
their tissues are subject to less tension than in the light. 
The limbs and the superior internodes are shorter at first, 
because the petioles and the internodes (inferior) obtain 
nourishment which is always limited ; because subsequently 
the limbs, in the absence of light, only possess a feeble attrac- 
tive power for water and plastic matters ; and finally, because 
they cannot acquire their normal dimensions when they do 

not assimilate.” 


^iucherehls llr les Anomalies de Dimension des Entre-neends et des 
FeuiUcsaiol^es.V^rM. E.nilcMer. DuU. de la Eoe. Bol. de Fr., 1875. P- * 90 . 
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Hence can be accounted bji* the elongation of leaves witli 
short petit)les in darkness. 

Experiments with ordinary terrestrial plants when cultivated 

in water exhibit analogous features. Tlius M. Costantin 

grew several species, as J\ledica(/o Lysih'iificliici tium- 

mularia, i^c., under water. In all cases the elfect is -that the 

blades of the leaves arc smaller than those in air. 'I’liey arc 

much thinner and more translucent than are the aerial 
leaves. 

A study of the anatomical structure of closely related 
plants, such as grasses, in connection with their environment, 
has been made by Pfitzcr,> and referred to by De Eary,^ who 
recommends a careful investigation as to the “ liner gradations 
of the distribution [of stomata, to see how far they] are 
directly caused by the mode of life and condition of vegeta- 
tion.” He continues: “ Pfitzer has obtained the followimr 
result for a large number of indigenous grasses : that for those 

air-pores, together 

with the form of the surface and internal structure of the 
whole leaf, stand pretty generally in definite relation to tlio 
wetness of the locality.” He then enumerates the differences 
obtoming in several species, grasses of wet localities having 
flat blades and stomata equally numerous on both sides On 
the other hand as described above, almost all grasses in- 
hab.ting very dry localities, the blades have longitudinal 

Since the preceding was penned, a note by M. Oger * has 

whirl ha^'"’' conclusions at 

r 1 i following plants in a wet 

od and the same species in a dry one, other conditions being 

^ /’riayiir.w Jahrh., vii. . Comj,. &<,, p. 50. 

■* ComptM /icndu$, cxv. p. 525. 


’ See iuj>ra, p. 61. 
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equal : — hampsana covimunisy Sonclius asper^ S. oleraceusj Mer~ 
curiaUs annua^ Ghenopodium alburn^ Balsamina hortensis^ 
Jmpatiens glamluligera, and Scroplmlaria aquatica. He found 
that the plants growing in the moist soil not only became more 
luxuriant, throwing out more branches, &c., but their forms 
changed. Thus the later-formed leaves were more elongated 
and lanceolate in shape, while the lower or fimt^formed leaves 
changed less. This, it may be observed, agrees with Ranuncu- 
lus ftavimula when grown from seed. The first leaves are 
cordate (hinting, perhaps, at an ancestral floating condition), but 
the subsequent ones in my cultivations were linear-lanceolate. 

The internal structure of the stems changed in correlation 
with the morphological ones, in that the epidermis had tlie 
external walls less thick than is the case with plants groi^ung 
in a very dry soil; and although the cortex did not differ 
much in thickness, M. Oger found that the central cylinder 
increased in diameter, as well as the central lacuna; for he 
found that the number of fibro-vascular bundles mcreased in 
quantity, while the diameter of the vessels was greater, Ihe 
medullary sclerenchyma, when it exists, was found to be 
especially developed around the primary bundles. This seems 
to correspond with what commonly obtains in many en o- 
genous stems. M. Oger concludes his note by observing that 
some of the modifications thus obtained agiee with anatomical 
differences resembling those which one uses for classificatory 
purposes. One can thus obtain experimentally. 

Ineans of humidity of the soil, in a givm species modifications 
of structure of the same kind, though less pronounced, as 
those which serve to characterise allied species, some being 

adapted to a dry soil, others to a moist one. 

CONCLUSION.-It would only weary the reader to mult, -b 
coses of adaptation in amphibious and aquatre pUnte. fo tlm 
phenomena me the same in all. Enough has been sa.d to 
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prove by innumerable and invariable coincidences the existence 
of an adaptive or responsive power in plants ; while the ex- 
perimental evidence is conclusive. Degrees of degeneracy arc 
seen to exist in different plants, which prove the corresponding 
existence of degrees in the reduced power of adaptation ; as, 
I have shown to be the case with Ranwicul iis circiiiatus 
and Elodea cana/Iemis. From these we may at once conclude 
that the curious and extreme forms and greatly degraded state 
of the tissues found in the Podoslemaceai are simply the results 
of excessive aquatic degeneration. The fact that they mimic 
Lichens, Mosses, Hepaticas, and Algai affords the additional 
evidence that the form and structure of the leaves or thallus of 
these plants arc equally the results of adaptation to a watery 
or moist habitat. 

Prof. Eug. Warming, besides coming to the same conclusion 
that the vegetative structure of the members of the Podoste- 


liiaceoi has been modihed by the aquatic habit, has noticed 
that the young shoots have a dorsi-ventral structure. Such 
strongly appears to indicate an ancestral terrestrial life. 

As bearing upon this subject, I may refer here to a paper by 
Mr. G. Massee,* in which he shows that and Hepatmu 

vary in structure as one passes from deep water to a moist land 
surface. Thus DelesseHa sanguinea and Ulva Jatisshna, &c., 
perish as soon as they are out of water, while Fuci, &c., can 

resist desiccation for a longer period. Hepatiem form the 

transition from the aquatic to terrestrial vegetation, and it is 
m tins family that we meet with marked modifications of 
s ructure, for the purpose of enabling the plants to exist under 

flourished"”'' those in which their progenitors 

As, however, we do not know anything about the ancestors 

■“ structure. 
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of existing sea-weeds, nor of those low-formed land plants, 
and l»ow they arose, it would, I think, he as well, in specu- 
lating upon their evolutionary history, not to forget that the 
analogies supplied by existing aquatic phanerogams, and especi- 
ally by the PodostemacecEy would seem to indicate the possi- 
bility of AIg(B being degradations from higher plants which 
were perhaps terrestrial, instead of their being the forerunners 
of the HepaticcB, Musci^ &c. 

This observation applies, I believe, equally well to Kndogens ; 
for this group I take to have originated (as I have endeavoured 
to prove elsewhere ') from some early types of Exogens through 
an aquatic habit of life. The reader will perceive that the 
details of aquatic plants given in the present chapter, as well 
as those in the paper referred to below, arc to a large extent 
generally applicable not only to existing aquatic endogenous 
plants, but to those which are now permanently terrestrial 
of that class. Lastly, the reader will bear in mind that 
classificatory characters, to a very large extent, have been 
based upon the forms of those organs of plants which wc 
liave here seen to have been developed solely by response 
to an aquatic medium. Darwinians will also observe that 
in no case arc there any wasted, injurious, or ill-adapte. 
variations; but that water induces all plants to vary alike, and 
to do so at once in harmony with itself. Natural selection, 
therefore, has no raison d'etre whatever. 


1 A Theoretical Origin of Endogens from Exogens, through Sclf-Adap- 
tution to an Aquatic Habit. Journ. Linn. Sor. Hot., xxix. y. 485. 1893 
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ORIGIN OF SUBTERRANEAN STRUCTURES 

{Roots and Stems) 


Interchange between Roots and Stems. — That roots and 
stems arc structures differentiated from a common and funda- 
mentally identical type, is obvious from such facts as the 
following: — Every detail in the liistological elements of the 
two structures can, speaking generally, be paralleled one with 
another, allowing for the total arrest of one or more elements 
in certain cases. Stems can form roots when placed in the 
same conditions in Avhich roots are formed, viz., darkness and 
moisture. Aerial roots can take on the functions of stems, 
and true roots formed underground can become stems and 
branches when exposed to air and light. 

Now the fact I wish to emphasise is, that these differences 
between stems and roots are, as a rule, the direct results of 
the aerial and subterranean conditions of their normal exist- 
ence respectively ; and that when a subterranean root be- 
comes superficial or aerial, it at once tends to approximate 
the character of a stem; and if a normally aerial stem is 
made to grow underground, it . in turn tends to acquire the 
characters of a true root. Not only does Nature often supply 
us with illustrations of these changes, but experiments dis- 
tinctly verify the supposition. Thus, for example, ^ an old 


This occurred in the garden of the Vicarage at Ealing, 
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acacia with a decaying trunk sent down an aerial root from 
the living part, about six feet from the ground. When it 
had been rooted in the soil for some time, it became detached 
above by the wind ; the root then became a “ stem," the 
upper part putting out foliage. This is quite analogous to 
the numerous roots of the banyan, which are to all in- 
tents and purposes equivalent to small trunks surrounding 


the parent tree. 

When the roots of elms, hawthorns, horse-chestnuts, &c., 
get exposed on the sides of banks, they constantly send out 

a perfect forest of leafy shoots. 

The following experiment, recorded by Dr. Lindley, will 
also illustrate this. A young willow-tree had its crown bent 
down to the ground ; this was covered -with earth, and soon 
emitted an abundance of roots. The true roots were then 
carefully removed from the soil and the stem inverted. The 
roots now became branches and emitted buds, and the tree 


grew ever afterwards upside down. 

AVhen the tissues are examined, they are found to alter 
more or less in correlation with their new positions. Thus 
M Costantin^ found that when a root is maintained in the 
light, the thickness of the cortex diminishes, while the 
central cylinder is, on the contrary, more developed; though 
the pith, according to Dr. Lindley,^ may be stUl deficient. 

Exactly the reverse results followed by growing a normally , 
aerial stem underground. The endodermic punctations so 
■vveU marked in subterranean roots, become indistinct when j 
they are grown in the air, and this membrane is often unrecog- , 
nisable iust as it is in so many stems and branches, &c. ^ 
Conveiely, in the aerial roots of orchids and aro.ds, the j 

1 Injlucnce du Vilicu sur la Structure anatomique dc la It^icine. Dull, dc ' 

H Soc. not. dc Fr., xxxi. 1884. p. 25. 

2 Theory of Horticulture, p. 32. 
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cmlodcrm is often clifficult to detect; l)ut the tliick-walled 
layer called the eudoderm in aerial roots of Vanrla, <fec., can 
be proved to bo such, for its cells become j)unctated if the 
root be below the soil. All fibrous tissues arc more devclope<l 
in aerial structures, whether in the central eylindor or the 
cortex, while the lignification is much more pronounced than 
in subterranean organs. Since these latter are elements of 
the supportive system, they arc undoubtedly due to the 
response to strains produced by gravity. 

Conversely, in subterranean stems the fibrous tissues become 
little developed, and the lignification is feeble. Apart from 
the fact that roots frequently produce shoot-buds when they 
arc exposed to light, of coui-sc many habitually develop buds 
underground, as plums, peaclies, raspberry. Anemone Jtqmnica^ 
and Neottia nidue-ams, as M. Prillieux has shown, the ad- 
ventitious roots of which develop a rhizome at their extremity, 
which continues to grow and increase in size for a year or more, 
until it is capable of developing a flowering stem. It would 
seem to be nourished by a fungus living symbiotically with it.^ 

Analogously with M. Mer’s observations on the points of 
resemblance between aquatic stems and etiolated stems, M. 
^uwenhoff has shown that the structure of etiolated plants 
is very degraded, and that the parenchymatous tissues, especi- 
ally the cortex, takes an increased growth. Roots in darkness 
grow in exactly the same manner. The parenchymatous tissues 
of the root acquire great development, and the thickness of 
the cortex becomes much greater. He observes also that if 
there is a reduction of transpiration to which one can attribute 
this kind of turgcscence of the parenchymatous tissues, the 
^me cause ought to produce the same eflect in n root as 
in a stem ; and this is precisely what takes place. 


* De Ut Structure auatondque et du Mode 
nidus^avis. Amu des Sci Aa«., Sdr. 4, tom. v. 


de V^g^tation du Neotti/i 
p. 267, PU. 17, 18. 
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Ordinary subterranean roots of herbaceous j>lants can assume, 
morphologically and physiologically at least, two well-marked 
differentiations. The one consists of fibrous roots of various 
forms, which are adapted as absorbents of water, mineral and 
other matters. The others are swollen, and mostly of a fleshy 
character, which act generally as reservoirs of nutriment ; more 
rarely of water, as in some desert plants {ErodiiDUf species). 
That both kinds of roots have been formed under the con- 
ditions of the environment, and have subsequently become 
hereditary characters, is borne out partly by analogy, and 
partly by the fact that, on the one hand, fibrous roots can be 
easily induced to form when a suitable inciting environment 
is provided, and on the other, that a fleshy character has 
been artificially produced by converting wild forms into hyper- 
trophied culinary vegetables, as will be further described. 

The Origin of Turerous Roots. — Many plants have fas- 
cicled roots, consisting of a mixture of fine fibrous water- 
absorbing roots and others of a tl.ick and more or le.ss fleshy 
nature, wliich act as reservoirs of organised food-materials. 
llanunculus Fir.aria will be a familiar example. This 
peculiarity is not at all uncommon in other species. Thus 
there are several in Malta which remain dormant for many 
months characterised by great heat and drought, and arc 
provided with them. In these and other cases the appear- 
ance of tuberous roots is normal, constant, and can be recog- 
nised as a specific character. 

In other cases they appear and disappear on the same 
bulb according to circumstances. They thus afford another 
instance to the many alluded to of a structure being fornuMl 
in direct response to environmental conditions, but becoming 
a permanent character when those con.litions are perpetuated 
An interesting paper on this subject by M. Lucicn Daniel 
shows how roots which are called pseudorhizcs danciformes 
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can appear on several inonocotylcdonous bulbs under certain 
conditions, in whicli more nutritive materials arc in the plant 
than it can utilise at the time. From his experiments the 
conclusion he arrived at is expressed as follows: — “Lo 
systeme des pseudorhizes dauciformes est un syst^mo com- 
pensateur transitoire qui se d^veloppc progressivement suivaut 
les besoins de la plante, des que, pour une cause quelconque 
interne ou externe, la nutrition gen6i-ale se trouve entravde.” ^ 
The Origin op Annual and Biennial Roots. — Roots also 
differ in regard to duration ; while fibrous roots may bo 
perennial, though the short actually absorbing portion may 
soon cease to absorb, tlie others only last for one season. 

The result is that this feature is often regarded as a 
specific character, as shown by the names Beilis or Mercurialls 
perejinis, and B. or M. annua^ ^nolkera biennis^ &c. Kow 
with regard to biennials the question arises, how has the 
tap-root acquired its sufficiently enlarged size to enable a plant 
to live tlirough one season on into the next ? 

Under cultivation biennial roots of course acquire a much 
larger size and more fleshy character than in the wild state ; 
and although some of our “ roots ” are naturally biennials, 
like celery and parsnip, yet the carrot is naturally annual ; 
and so is Raylianus Bapluintslrum, which is at least one origin 
of the radish. On the other hand, beet-root, BelOf vulgariSf 
is a pereiuiial when wild, but appears to have the habit of a 
biennial when cultivated as mangold-wurzel. 

In the case of these cultivated roots, the cause of their 
hypertrophied condition is of course artificial nutriment in 
addition to plenty of water ; and when one compares annuals, 
with their slender tap-roots, with such biennials into which 
they have passed, one cannot but infer that the enormous 


' Jicv, de Bol,y vol, iii, p. 458. 
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difference has arisen by the influences of the external environ- 
ment ; that is, hypertrophy is an acquired character, which 
has become hereditary, for they are all now propagated by 
seed. 

But in addition, we are familiar with the fact that the 
annual, biennial, and perennial conditions are extremely 
unstable. Not only is many a plant variable in nature, 
and therefore recorded in systematic works as “ annual or 
biennial,” “biennial or perennial;” but wo know that 
climatal conditions change many plants, as I have had 
already more than one occasion to show. Tlxus annuals 
in low latitudes and on plains may become perennials at high 
latitudes and altitudes. On the other hand, increase of tempera- 
ture tends to prolong growth, so that while the castor-oil is 
an annual in England, it forms a tall tree in Afalta. This is 
analogous to the fact that deciduous shrubs and trees here 
sometimes become evergreen in the East, as the honeysuckle 
in Malta, while vines in Cairo scarcely shed their leaves 
in winter. 

Whatever tends to check the reproductive system, or, on 
the other hand, to prolong the vegetative, may thus bring 
about an alteration in the periods of development of the 
various organs. Thus, mignonette can readily bo converted 
into a small perennial tree by suppressing the flower-buds till 
it has attained a woody trunk and a considerable height; 
while it spontaneously becomes perennial in Tasmania. 

All these facts are of course well known, but the point I 
■wish to urge is, that when an annual has been converted into 
a biennial, then this “ habit ” may become hereditary, just as 
much as a hypertrophied condition of the root. That is to 
say, while the power to become hypertrojdiied is common to 
all roots as far as we know, the jn'cdisposition to store uj) 
nourishment becomes established and hereditary. 
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Now, as wc can artificially make a plant acquire this pre- 
disposition, wc are thereby justified in concludiiif^ that plants 
naturally constituted with fleshy roots have acquired this same 
peculiarity in some analogous manner, which is now hereditary. 
Hence we may safely conclude that it was the environment 
which established the biennial root of JEnothcra, the adventi- 
tiously swollen roots of peonies and dahlias, and of sonic 
UmhellifercEy as well as the root-tubers ” of aconite and terres- 
trial orchids. All these are traceable to some external cause 
which induced storage instead of flowering. 

Experimental Illustrations of the Origin of Cultivated 
Roots. — I Avill now give two or three cases to illustrate and 
substantiate the preceding remarks. 

M. Vilmorin’s experiments in raising carrots illustrate both 
the change of duration from annual to biennial, and the 
hereditary predisposition to hypertrophy ; for the carrot, or 
Daucxis Carota^ is naturally an annual and slender rooted, but 
the gaiden carrot produced from it is a biennial and raiiiilly 
grows to a relatively large size. 

Now the first important requirement is that the flowering 
process should be delayed, so that the vegetative energy may 
be spent in enlarging the root instead of flowering — in fact, 
that the plant should become a biennial. In order to secure 
this end, M, Vilmorin noticed that the seeds showed very 
different rates of germination ; some sprang up at once, others 
later, and indeed all through the summer. Amongst the tardy 
plants several never flowered the first season. These roots 
were selected and re-planted in the following spring. In the 
summer they bore seed, which was re-so^vn in 1835. d this 
second generation, the proportion of plants which flowered 
was much less than in the first' season, and about fifteen 
had fairly good roots. In 1837 the third generation showed 
a very appreciable amelioration, several being very large and 
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fleshy. Only one-tenth now flowered in that year. In 1839 
he raised the fourth generation. The quality was again 
improved, and scarcely any flowered. 

Hence a garden biennial had been raised from a wld annual 
in four generations, solely by selecting the originally late 
germinating seedlings. 

As another illustration I would refer to M. Carriere’s experi- 
ments ; * for he raised both the long and short or turnip- 
rooted varieties from the same batch of seed from the wild 
Raphanus Raphaiiistrum, by growing them in a light and 
stiff soil respectively. He thus describes his experiment : 
“Pour donner h notre experience, poursuivie pendant cinq 
ann^es consf^cutives, une certitude plus grande, et la revetir 
d’un cachet plus fort de v6racit6, nous avons expcrimente 
concurromment dans deux conditions differentes — ii Pans, dans 
le sol Uger et sec des pepinitres du Museum, et a la campagne 
dans uii terrain plus consistant, dans une terre argilo-calcaire, 
forte comme I’on dit. Dans ces deux conditions, les resultats 
ont ce qu’ils devaient Hie—analof/ues, mais Twn uleniiques. 
A Paris, la forme longue dominait ; c’(Stait meine a peu prt^ 
la seule. A la campagne, cMtait le contraire. De plus, tandis 
qii'a Paris nous n'obtenions quc des racines blanches ou roses, 
h la campagne nous rticoltions en outre des racines violettes 
ct des racines brunes trfes fonc6es, presque noires, assez analogues 
au uavet dit Alsace, ainsi que d’autres de touies les cmdeurs 

ct de toutes les formes possibles.'' 

M. Carriure then gives comparative diagnoses of the wik 
and cultivated forms of the same plant. Of the roots he 
says first of the wild plant— » ifaciwes filiformes, sSches, 
fibreuscs, uniformes, toujours blanches, dures, subligneuses, 

non mangeables.” 

1 Orujin. ,les Plonlcs do„u.tiq«c>, dimonlrcc p«r la Culture ,lu lla.lie 
$a u vayc* 
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With regard to the new forms raised lie says — “ liac.xncs 
grosses, parfois cuormes de forme et de couleurs tr^s vari(;es, 
charnues ; chair blanche, parfois jaunatre ou ros(!;e, quelquefois 
violette, succulente et bonne A manger.” 

The author then figures several varieties of the ameliorated 
forms, as well as the wild original type for comparison. 

In this experiment wo have it shown that the two types of 
roots, the long and the turnip, were directly due to the two 
different characters of the soil ; that where the soil was loose 
and easily penetrable, the tap-root descended readily and pro- 
duced the elongated root. When the medium offered more 
resistance, then the root became arrested and swelled laterally 
into the turbinate form. Then, by selecting from such as 
these, hereditary races have been established. 

This result of M. Carriiro’s has been corroborated by M. 
Languet de Sivry, who found “ that seeds of short-rooted 
carrot, when sown in a particular soil, in the alluvial deposits 
formed by a small river in Franco, yielded immediately, during 
the fii*st generation, a number of long-rooted plants, cither 
white or yellow, whose roots were very much larger than those 
of the parent plants. The seeds of the best or less deformed 
plants were selected, and sown in the same soil. The result 
was that in the second generation hardly any roots were found 
of the short type, and most were exactly similar to the common 
■wild form.” ^ 

Pliny records a similar result as known in his day, for 
he says the Greeks have found how to obtain the “ male ” 
root — t.e., the turnip form — from the “ female ” or long radish, 
by growing it in a cloggy soa Both forms are, of course, now 
hereditary by seed. 

The late Mr. James Buckmau, Professor of Natural History at 

‘ Experimental Evolution, by H. de Varigny, quoting from SocUU 
RoyaU cl CenlraU (TAyrieuUure, Sdr. 2, vol. ii. 1846-7, p. 539. 
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the Royal College of Agriculture, Cirencester, carried out 
very similar experiments with carrots and parsnips, com- 
mencing in the year 1847. In 1850 he had succeeded in 
raising three distinct types of parsnip from wild seed. He 

describes them as follows ; ' — 

I St. The round-topped long root, having a resemblance to 

the Guernsey parsnip {Panais long of the French). 

2nd. The hollow-crowned long root, “ Hollow-headed ” of the 

gardeners (^Panais Lishonais type). 

3rd, The short, thick, turnip-shaped root, “ Turnip-rooted ” of 

the gardeners (^Panais ro 7 id form). 

He finally continued his experiment only with the hollow- 

crowned form, which he called ‘*The Student. 

Messrs. Sutton & Sons, on receiving seed from Professor 
Buckman, raised it for commercial use in i860, and arc still 

issuing it as their “ best variety ” in 1 895. 

These three cases will suffice to prove that garden races 

of roots now hereditarily true can be easily raised from 
wild seed by cultivating them in a new medium. The anat^ 
mical structure of the roots becomes profoundly affected, 
intense hypertrophy of the parenchymatous tissues and great 
succulency replacing the tough wiry character of the wild 

^'^Tmade the following experiment to show how easily the 
tissues can be altered in an opposite direction, by preventing 
the plant from rooting at all. Some radish seed of the long- 
rooted kind was sown in a tin tray of about half an inch of 
soil. Under these circumstances the hypocotyl, which grew o 
about an inch in length, was erect above the soil, and not lelow 
it as usual. The cotyledons soon perished, and the plumu e 
formed a few small leaves. The plants, however, lived for 

> Joum. Itoy. A>jric. Hoc. of E,^., vol. xv. part I, pp. 225-35. ■S54. 
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several weeks. On examining tlic liypocotyl, I found that the 
arrest of growth was really due to the incapacity of tlie plant 
to utilise the starch formed by the leaves ; consequently the 
cortex and pitli were densely laden with it. Secondly, as tlic 
hypocotyl was now in the air, supportive tissues were necessary 
and had to be formed to meet the strain of gravity. Sclcren- 
chyma occurred on the inner side of the fibro-vasculur bundles, 
and wood fibres were made, as well as a zone of collcncliyma 
by the pcricycle in addition. 

This little experiment proved how readily the plant responds 
to its necessities, and forms special tissues at once tc» meet 
mechanical strains as required. Similarly we trace back the 
origin of the biennial state either to some accidental condition 
in the soil, perhaps from being sown too deep, or jjossibly it 
might have been due to the seeds being poorly .supjilied with 
food materials. Whatever, however, may have been the cause 
which led to the delay in germination, the imporUint point to 
observe is that the biennial state was easily fixed and made to 
become hereditary. 

Of course, when the tap-root of an annual becomes a llesby 
biennial, marked changes take place in the anatomical structure 
of the root. “ Disorganisation ” might well describe the effects. 
There is a great increase in the parenchymatous elements of 
the cortex and medulla, the former being mainly due to a 
wonderful and increased activity in the pcricycle, as may be 
well seen in the radish and beet root ; » on the other hand the 
vascular elements become degenerated. The original cells of 
the vessels become swoUen and distorted and irregular in out. 
line ; the cylindrical tubes of the trache® are thus misshapen, 


* In the raUi«h the cortex of the hypocotyl soon splits, and the pericvcio 
tlien forms the whole of the subsequent outer mass. In the bcet^root^lL 
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producing what Mr. H. Spencer called “ Absorbents,” perhaps 
a better term than tracheids, as indicating their function of 
carrying the nourisliment stored up in the root to the organs 
above-ground ; so that besides the generally enlarged size of 
tlie root being now hereditary, all these altered details of the 
anatomical structure become hereditary as well. With regard 
to the origin of the cultivated beet, I cannot do better than 
quote the following paragraph verbatim from the Gardeners 


“The following is condensed from Amuiles Agronomiques. 
Beta maritima, which is indigenous on the borders of the 
Mediterranean, varies greatly according to its surroundings. 
It is biennial or perennial, never annual, and in habit also 
variable, the stems being often flat on the ground,<= while on 
the cliffs of Istria, U. Freyn says that it grows in shnib-hke 
form, with erect stems, bearing hardly any resemblance to our 
cultivated beet. But when grown inland, its habit changes, 
and in a few years annual and biennial plants have been pro- 
duced quite similar to the cultivated beet, hut 
ing to their perennial nature. The result is very d fferen 
when Beta maritima is grown in pots. The plants seed 
IhectU are pyramidal in form, and hear ripe fruff early m 
tptember, be"ng altogether much like the Istrian B. vatgar. 
var. maritima. Clearly, then. Beta maritima and B 
var maritima, are not distinct species, but varieties of the same 
plant, differing only according to climatic .and cultural com 
ditions When we remember that Chenopods m general and 
“Id beet-root in particular, are so variab^ somet^es 
seeding in the first year, or, again, not flowering the second, or 

JrXrble that B. imlgdHs, our cultivated beet, is descended as 

» Vol. xi. 3rd Series, 1892, p. 626. 

« Compare this with other cases described supra, p. lOl, stq. 
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directly from B. maritima as from B. vuitjaris, var. inaritimay 
two plants which are not specifically distinct. If the inllueiice 
of the salt be also taken into account, it is evident that B. 
marifhna is but a maritime form of B. vnhjnriR." 

Stems: Interchange between Stems and Roots. — It has 
been seen above that stems arc fundamentally the sanic thing 
as roots ; and therefore it is not surprising to find that, as the 
latter can assume enlarged forms for retaining reserve food 
materials, so stems can do the same : and the question arises, 
how have tubers, rhizomes, &c., come into existence, and arc 
now characteristic of genera and species of plants ? 

Underground stems, liowevcr, arc not all tuberous. Many 
creep without being enlarged ; and the further question arises, 
what 1ms brought about this habit of elongating horizontally, a.s 
in Carex arenariay l^ritirum junceumy Arc., instead of remaining 
short and swelling into tubcr.«i, as the potato ? 

c shall find that there arc very gooil reasons for believing 
that these liabits have primarily arisen through the i)lants' 
responsiveness to the nature of their subterranean environments 
respectively. 

First let us notice that certain localities are characterised by 
having tuberous or other kinds of perennials in greater abund- 
ance than annuals, as, e.g.y arid regions like the Karoo of South 
Africa ; rocky places, like Malta ; Arctic regions, as Spitzbergen, 
which has no annuals at all ; high Alpine regions, where species 
are perennials which are annuals at lower altitudes. 

Contrasting the structures of perennial plants with annuals, 
the most obvious cause of the difference lies in the excess of 
vegetative vigour over the immediate requirements of the plant 
for growth and reproduction ; so that more materials are assi- 
milated than can be utilised in mere annual growth. This 
excess may be correlated with a temporary or even permanent 
arrest of the reproductive system, in consequence probably of 
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certain climatic and other conditions. Thus, e.g.^ we may 
account for the frequency of the viviparous state among Alpine 
grasses ; or, as in the case of JRanuncuhis Ficaria, this species 
rarely hears ripe seed in England, but propagates itself ex- 
tensively by “ root tubers ” at the base ; and, as U. Van 
Tie-hem has shown, the pollen is quite arrested Avhen the 
plants propagate by axillary aiirial corms. Indeed. I have 
found plants growing in damp, shady places producing 
no flowers at all. hut an abundance of these structures 
which contain stored-up nutritive matter. Heiice it would 
seem that we are justified in concluding that the excess or 
diminution of vegetative energy is the measure of the pro- 
duction of storage tissue, and the consequent development of 

'^'^But thi's display of vegetative energy is. in turn, dependent 
solely upon climatic conditions ; so that, in considering the 
means of their production, we ate driven to the same con- 
clusions as elsewhere— that all kinds of storage stractures aie 
simply due to the responsive power of the plant, which adapts 
itsc f to the exigencies of its existence under the environment 
in whVeh it finds itself. Wien these structures are form d 

repeatedly, they become iTcltoatic 

ri otler changes occur, then the habit may relax and «m 

special character may be lost for a time or Pe™" 

leeks have normaUy lost the hulh-forming habit of other 

Ipedls ^f onions, which they have in the wild state ; hut it 

nr-r'isionallv returns in cultivation. . , , x „„ 

Now, it has been seen above tlia,t the histolopca s 

of roots when growing abnormally ii\ air 

aerial stems ; so. conversely, when rt^ormally aerial stems are 

made to grow underground, the 
those of subterranean roots. Thus m. Cos an 
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experiments witli brambles * tliat tliere was a (levelo[)iiienfc of 
the cortical parenchyma, and a reduction of liber fibres in the 
subterranean stem, which are due to the influence of tluj 
medium ; while the great development of the vascular cords of 
the tubercle and the lignification of the pith are independent. 
He adds that the absence of light is one of the most important 
causes of modifications, which arc immeiHatc in alt its tissues ; 
thus the epidermis is suberified, and a suberoiis layer arises at 
the periphery of the cortical tissue. Tlic cortical paiencliyiua 
augments, the collenchyma disappears, the foldings of the 
cells of the endoderm are visible for a longer time, liber 
. fibres arc wanting, or but little developed, the libero-ligneons 
generative layer is less active, the fascicles of wood are loss 
developed, and the lignification only produces itself with 
difficulty. The ratio of the thickness of the medulla to tliat 
of the cortex is smaller than in aerial stems. Lastly, starch 

can be formed and accumulates, especially in tlic subterranean 
part. 

M, Costantin then gives a summary of the efTects. This 

is repeated more fully elsewhere,^ whence the following is 
taken. 

1. The modifications arc uniform. They can bo more or 
less according to the species, and are not contradictory, but 
operate in the same way. 

2. They affect all the tissues. 

3. They are produced rapidly, in a few days, or a week or 
two may suffice. 

He records specific details as follows : — 

I. The epidermis is suberified. 


* Etude comparie des Tu;es a^Unnes et souterraines df» DieotvUdoucs 
Anju des Set. Aat., S6t. 6, 1S83, tom. xvL p. 4. 

- Infiu^ee du Sdjour sous U Sol sur U Structure anatcmiou< des Tiacs 
BulL <lc la Soc. Bot. de Fr., 18S3, p. 230. 
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2. A suberous layer can be formed. 

3. The cortex increases by the increase of the number and 
of the volume of tbe cells of wliich it is composed. 

4. The collencliyraa disappears. 

5. Endodermic punctations remain a longer time visible 

tlian in aerial stems. 

6. Liber fibres diminish or disappear. 

7. Tlie generative libero-ligncous layer is retarded in its 
development. 

8. This last feature corresponds with the feeble development 
of the ligneous fascicles. 

9. The development of the medulla, when it takes i)laco, is 

weaker than that of the cortex. 

10. Nutritive matters can be stored up in the parenchy- 
matous tissues. 

It may be observed that this last result is particularly 
significant, as it points to the rationale of all subterranean 
storage structures, as well as the use of “ earthing up of 
potatoes. 

M, Chatin has also written upon the peculiar structure of 
rhizomes, and observes that the differences are so great between 
a rliizome and an aUrial stem, that tlie former “ is neither stem 

nor root.’' ^ 

Rhizomes, wliile retaining the essential charactei-s of the 
stem, yet show approximations in many ways to the structure 
of roots, as, e.g., in tlie endoderm or protecting sheath. M. 
Mangin also adls attention to the features of those stems of 
eiidogens which produce roots, that they resemble roots in 
possessing a true cmloderm, Ac.^ 

‘ Snr Us CoracUres anatomif/ues (Us Ilhizomts. Bull, de la Soe. de Pr., 

1858, tom. V. p. 39. . o • . o? ^ 

* Origine et Insertion dcs Hacincs advcntives. Ann. dcs i>ci. JSat., tscr. o, 

xi\. 1882, p- 216. 
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Dr. Vochting * studied experimentally the development of 
tubers, especially of the potato, and has tlirowii much light 
on the physiological history of those organs. 

He proved that tlie influence of the surrounding circum- 
stances profoundly aifects the mode of sprouting of the potato 
tuber. If no water be present, the tubers produce in the 
light short thick green shoots, while those in the dark form 
long thin pale outgrowths. 

To show how the tuber-forming power is not merely heredi- 
tary, but “ constitutional ” in the system, he made tubers to 
grow in the dark with a minimum supply of water, when new 
tubers were formed in the axils of the branches that aro.se. 
He also compelled potatoes to produce little axillary tubers 
among the leafy shoots in light, by carefully removing the 
tubers and stolons below the surface of the earth, and by 
permitting roots only to enter the soil. 

That climate can powerfully affect the growth of the potato 
was ivitnesscd by “D. T. F.” 2 remarkable for 

great heat and drought, and which he says will be known 
as one of “long-topped but short-tubered potatoes.” Thus 
“Magnum Bonums” had stems six feet in length, but 
“ nothing but a full crop of swollen underground stems, re- 
sembling a sort of monstrous couch-grass or roots of green 
ginger.” 

Now since Dr. Vochting attributes the formation of tubers 
to an abundant supply of water, “ D. T. F.’s ” conclusion that 

these abnormal creeping stems were due to drought seems to 
be feasible. 

Wq have here, therefore, an apparent analogy with njany 
naturally creeping stems. Taking into consideration the dis- 

^ » On the Development of Tubers.’’ By Dr. H. Vocl.ting. miiotJuca 
Butanica. Heft iv. Cassel, 1887. 

* Gat-dtner's Ohronxde^ vol. ii. 1887, p, 586. 
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covery of Carri^ro, that long slender radishes were almost 
alone produced in a light soil, hut short thick ‘ turnip foinis 
in a strong or stiff soil, and, secondly, that branches when 
produced underground tend to partake of the nature of roots, 
and so presumably share the tendency to be more or less 
affected by gravity, the resultant of the two forces of upward 
and downward growth compelling them to grow horizontally, 
we seem to have the clue to the origin of the long colourless 
stems creeping horizontally in loose dry sand, as is the case 

with Ccirex arenaria^ Triticum junceum, <tc. 

Conclusions.— The observations of the preceding botanists 
will be sufficient to prove that when normally aerial stems are 
made to grow underground, the new growth at once begins 
to assume the characters of normally subterranean stems, such 
as rhizomes, and that both are in many points comparable to 
roots. The conclusion, therefore, is justifiable that it is the 
aerial and subterranean environments which act directly upon 
the responsive power of the organ, which then develops the 
structure appropriate for each medium respectively. kastiy. 
if the conditions be perpetuated, then the structures become 

hereditary. 



CHAPTER X 


ORIGIN OF THE STRUCTURAL PECULIARITIES OF 

CLIMBING STEMS 

Preliminary Observations on the Effects of Light and 
Gravity upon Growth. — The question has often been asked, 
but never answered — why, speaking generally, do stems grow 
upwards into the air and roots go downwards into the ground ? 
We name the hypothetical influences respectively Apogeotro- 
pism and Geotropism. In the latter case, gravity seems to 
be the cause. Like Heliotropism, Hydrotropism, &c., these 
terms only indicate observed facts, but in no way do tlitjy 
explain the why and the Avherefore of the phenomena they 
refer to. 

If we examine the very simplest organism, such as a spore, 
consisting of a single cell, when it begins to germinate, we 
should find, as has been shown by M. Rosenvingo ^ in the 
Fuca4X<E, and by Stahl with the spores of Fquisetujn, that 
the primary cell division is laid down approximately at right 
angles to the direction of incident light ; and again, it has been 
demonstrated by Leitgeb « in the case of ferns, that the 
dorsi-ventrality of the prothallium and the development of 
rhizoids, as well as that of the antheridia and archegonia on 

» Injlucncci (Us Agents exUrUura sur VOrganisaium poUiire et dorai.vcn- 
traU d <8 PtanUs. Rev. Gin. de BoUy vol. i, pp. 53, 123, &c, 

* Zur Embryologie <Ur Parncr. SUsungshcr. d. IFtener Akad.y tom 
Ixxvii. 1S78. See also Sach’a “ Physiology of Plants,” p 524 wo 
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tlie shaded side of tliat structure, are the outcome of relative 
degrees of light, and that their position on the shaded side 
is not due to gravity.^ In the higher cryptogams, the embryo 
always begins by forming four cells, one at each end in the 
axis of the archegonium, and one at each side. This pro- 
embryo forms the rudimentary axis, but does not directly 
grow into the aerial leafy plant. The growing points of the 
stem and of the root arise from definite points in it re- 
spectively. If the prothallium of ferns may be regarded as 
representing an early condition of things, which lies horizon- 
tally on the ground ami develops its archegonia on the shaded 
under surface, we may think we can see how light penetrating 
through the prothallium down to the archegonium might have 
determined one of the upper (innermost) cells to be the shoot- 
end, while the opposite one, nearly facing the orifice and the 

"round, was the root-end.^ ^ 

° In other of the higher cryptogams, and also in Gymno- 

sperms, tlie relative arrangement is the same ; the suspensors, 

as in Selaninella, Pinus, &c., always pointing towards the 

orifice of ihc archegonium, while the embryo is developed 

downwards within the interior tissues. 

Thus Hofmeister says All the vascular cryptogams in 

which the germination has been observed exhibit the same 
arrangement of the first four cells of the embryo. This 
•irranf-ement exists in the Rhizocarpew, the Equiseiaxm, and 
'in UoeUB ; and the position of the first cells of the rudiment 
of the .rerm- plant at the lower end of the suspensor of 
Sdaztinella is the .same. In these cases the primary leafless 
axis is formed principaUy by the multiplication of the lowest 

. Simil.wly Hofmei,ter says It is evident that shade - 
t„ the production of sexual organs as well as of roots. -7/ir U.ghcr 

^’Tgro'omlines'o; C’issification," by Goebel, p. ao5, 153. a- 
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of tlio four cells ; of that one, namely, which is turned away 
from the mouth of the archegonium.” * 

The ahoot-eiul of the embryo is thus always at first away 
from, and the suspcnsor or root-end towards, the entrance 
to the archegonium ; so that one may generalise theoretically 
(in the absence of any proof to the contrary), and attribute 
these relative positions to hereditary influences, the primary 
cause of incident light having no longer much, or even any, 
immediate influence in determining the polarity of the embryo. 

Regarding, therefore, the developments of embryos as a 
whole, including those of Angiosperms, in winch the radicle, 
as a rule, always points towards the micropylo, we seem to 
sec the line along which evolution has proceeded ; and that the 
first positions taken up in cellular cryptogams foreshadowed the 
future arrangement of all other plants. That light may have 
originally determined the polarity, and that afterwards this 
should have become inherited, even in the total absence of 
light, is of course quite in keeping with many other phenomena 
in plants, as Dr. Vines has observed in the following passage.^ 
Speaking of the periodicity in the circulation of water in 
plants, he says ; — “ It has doubtless been induced in plants 
by the daily variations of external conditions, perhaps more 
especially of illumination, which are involved in the alterna- 
tion of day and night ; but it has become so much a part of 
the nature of plants, that it is exhibited even when the con- 
ditions which originally induced it are not present, and it is 
transmitted from generation to generation.” 

‘ “The Higher Cryptogamia,” p. 201. Later in vestigationa have added 
further details, correcting some of Hofmeister'a original researches. See, 
c.g., “Outlines of Classification,” &c., by Goebel, Oxford, “Germination 
of Ferns,” p. 205 j that of Equisclum, p. 259. 

» “Physiology of Plants,” p, 96. See also (Index, s.n.) H. Spencer’s 
remarks on other hereditary acquired characters. 
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'WHien, however, a seed germinates upon the ground and the 
embryo begins to grow, the first process is the protrusion of 
the radicle with the development of the primary root, upon 
which gravity at once acts, determining the vertical position 
downwards. The plumule subsequently develops itself, so 
that its terminal cells lengthen the axis upwards. This erect 
position has been thus primarily determined by gravity and 

light. 

We must not forget that if we call the result of the in- 
fiuencc of gravity by the words “positive geotropism,^’ and 
distinguish it from the upward growth by attributing the latter to 
“nega°tive geotropism,” that gravity per se lias no power to do 
aiiytliing but attract all matter in a direction perpendicular 
to the earth’s surface according to well-known laws. Conse- 
quently, when a stem grows in the contrary direction to this 
force, apogeotropism (if the term can be used dynamically) 
may be taken to include, first, “ phototropism ; ” secondly, the 
effort which the axis is obliged to make in order to overcome 
the attraction to the earth. In other words, it must support 
its own weight. If it do not succeed, it will of course fall to 
the ground. As long as the shoot is young and mainly 
composed of cellular parenchyma, it does this by means of 
turgidity and elasticity ; ^ for as soon as water fails, the shoot 
becomes flaccid, and, as all can observe, falls down. Subse- 
quently it puts on supportive tissues, such as woody fibre, has 
fibre, sclercnchyma, collenchyma, &c., to gain the same end. 
Hence it is impossible to attribute upxcard growth in any direct 
way to the force of gravity itself. On the contrary, all growth 
upwards in a vertical line is in direct opposition to it, and 
requires a continual effort to overcome its influence. Gravity, 
therefore, would be better described as only indirectly in- 


1 See Sach’.s “ Physiology of Plants,” p. 217. 
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fluenciug plant growth ; in that it is really a stimulus un.ler 
whicli the plant develops its supportive tissues, light having 
been really the primary determining cause of the stem growing 
upwards. This power, however, has long since become fixed 
and hereditary ; so that if a cut shoot be suspended upside 
down, whether in the lighter darkness, the apex will neverthe- 
less turn up again. 

An additional reason for doubting the influence of gravity 
as a cause of the upward growth of the stem is aiforded by 
Knight’s experiment of growing beans on a vertically rotating 
wheel. III this case the root cud always grew outwards and 
the shoot-end inwards, the axis of the plant lying along a radius. 
Now, as gravity was practically neutralised, the root grew in 
the same line and direction as the centrifugal force, which 
itself being also an accelerating force, then acted like gravity ; 
while the shoot-end grew in the opposite direction, in the same 
straight or radial line as the accelerating centripetal force. 
Kach end of the plant was, therefore, subjected to what might 
be called an accelerating “ pulling ” force. If the shoot-end 
happen to grow beyond the centre, the apex will turn back 
again, being “ pulled back,” so to say, by the centripetal force 
acting along the other half of the same diameter. 

Comparing these effects with ordinary growth in the ground, 
gravity acts as an accelerating force “pulling” the root down- 
wards ; but there is no mechanical or accelerating force acting 
upwards analogous to the centripetal force pulling the shoot- 
end inwards on the wheel. Light, however, now comes into 
play instead, and the plant grows upwards under its influence. 

Yet another illustration. It often happens that Ranunculus 
heterophyllus will send up a shoot vertically out of the water 
into the air. As the submerged stem ordinarily lies — ^but buoyed 
up at a certain depth — under water, gravity is practically 
neutralised at its apex, since the stems have nearly the same 



202 


TnE ORIGIN OF PLANT STRUCTURES 


specific gravity as the water itself. We may, therefore, ask 
the question — wliy should tlie extremity of a long shoot rise 
up into the air at all? I take it that here again light is the 
sole agent which stimulates the plant to cause it to rise up out 
of the water. 

Another instance of a similar acquired habit, originally 
due to light, is that of ordinary horizontal dorsi-ventral leaves. 
If their upper surfaces be reversed in position when young and 
so fixed, they will make the most “determined effort ” to right 
themselves as long as they are growing; as I have found by 
experiment. 

Plants grow towards the sky, therefore, because the earth 
is illuminated from above ; but a lateral source of light will 
cause deviation from the vertical direction, as every one knows, 
from plants growing in an ill-lighted room. 

Plants may, however, be made to grow upside down. Thus 
Mold describes some experiments made with germinating Cruci- 
fereVj by which he found that the influence of light might 
cause their stems to grow in the same direction as that of 
gravity ; for wlien he suspended them in a horizontal position 
in a blackened box closed on all sides and at the top, but 
lighted from below by a mirror through the open lower end, 
the plants were then induced to develop their stems vertically 
downwards.^ 

The Resistance of Plants to Mechanical Strains. 
Assuming the preceding observations to be an interprebition 
of the fact that stems usually grow upwards, i.e., in opposition 

‘ “ The Vegetable Cell,” p. 146. Mohl usee the expression “ overcame 
the effect of gravity." This is obvi.msly wrong; for gravity acted, not 
in Opposition, but coincidcntly with the reflected light in this case. It 
would have been interesting to discover whether the supportive tissues, 
by which a stem normally "overcomes the effect of gravity,” were more 
or less reduced in quantity by gr<»wing d«>wnward8. 
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to the force of gravity, tliey must obviously counteract this 

force or tliey will fall to the ground. 

There is ample evidence to prove that the protoplasm of 
plants so far resembles that of animals that it responds to the 
influence of external mechanical forces, and strives to acquire 
and to sustain an equilibrium with them. The so-called sup- 
portive tissues are the results of this effort. It need liardly 
be observed that plants cannot do this suddenly, like a man 
using his muscles to prevent himself from falling if he have 
lost his balance ; but the result is no less effective, though it 
be executed by the slow method of growth. 

On the contrary, in submerged water-plants this effort is 
not required, and consequently the supportive tissues fail to 
appear ; for such plants are of much the same specific gravity 
as water itself, and therefore miss the external stimulus of any 

strain to which they can respond. 

Similarly, with largo and massive cellular plants, as those 
of the Cactaccoi and thick-stemmed fungi, but little or no other 
strengthening material, such as woody tissue, is required. 

Precisely analogous effects occur under degeneracy. Thus 
M. Costantin’s experiments prove — as have been alluded to — 
that when normally aerial stems arc grown underground, the 
supportive tissues become at once arrested. 

Use and disuse arc, therefore, quite as applicable to plants 
as to animals ; for while the muscles on the arm of an athlete 
increase with effort and decrease with disuse, so do plants 
develop tissues which best enable them to meet the various 
strains to which they may be subjected; and on the other 
hand, such tissues are more or less arrested when no strains 
are present. 

It is thus that we find projecting angles and columnar 
structures composed of collenchyma on the surface of her- 
baceous stems, as in the Lahiaioi and Umhelli/eroi ; pericycular 
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sclerenchyma in the flower- stalks, as of Carnations, Ixias, &c., 
and huge buttresses to some foreign tropical forest trees. ^ 

Experimental Evidence. — That mechanical strains bring 
about these results is proved by the following experimental 
evidence. Professor W. Pfeffer ^ has lately described the 
results of R. Hegler’s experiments, showing an increase of 
strength and development of the mechanical tissues of plants 
resulting from the application of artificia> strains produced by 
weighted strings. Thus the hypocotyl of a seedling sun- 
flower, which would have been ruptured by a weight of i6o 
grms., bore a weight of 250 grms. after liaving been sub- 
jected for two days to a strain of a weight of 150 grms. The 
weight was subsequently increased to 400 grms. without injury, 
yimilarly Phaseolu$ seedlings became strengthened. Leaf- 
stalks of llellchorus nigei\ which broke witli a weight of 400 
grms., were able to resist one of 35 kils. after having been 

subjected to a strain for about five days. 

The increase in strength is eflfccted by a strengthening of 
the cell-walls, generally accompanied hy a great increase in 
the collenchyma. Bast fibres already in existence are greatly 
strengthened, and they may be called into existence where 

* As I am now only concerned with climbing plants, it would be out ol 
place to describe the mechanical systems of other plants. The reader, 
however, may be referred to Sach’s “Physiology of Plants, p. 218, where 
he describes hollow endogenous stems, calling attention to the fact that 
the lignified strands, c^c., are “distributed according to mechanical prin- 
ciples in the organs.” It seems to me that there is a strict analogy 
between the strengthening structures in plants and in animals 5 in that 
Profesj'or Haughton has shown in his lectures on the “ Principle of Least 
Action ” how the muscular arrangements and organs of motion in animals 
all follow this law ; that is to sayi whatever force be required, the 
machinery exactly meets the case. would therefore venture to lay 
down the principle as xiniversal in the ;Jiving world, that the necessary 
structures in both kingdoius have been evt.jlved in response to effort. 

2 J3cr. Vcrhamll. K. Siichs. OcacU. TPtM.,\v. (1892), p. 638. 
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they do not previously occur, as in the leaf-shdks of hellehore, 
T!ie strengthening of the mechanical elements is acconniaiiieil 
by a retardation of the growth in length. 

My own experiments corroborate the above, for I find, when 
3'oung horse-chestnut leaves have a weight suspended to tlu^ 
petiole, after some weeks the curvature becoincs hard and rigi«l, 
and cannot be reflexed. Again, retardation is seen when a 
strawberry runner or one of liaiiuncuhis repem is ina<le to 
grow vertically upwards ; the supportive tissue increases, 
growth is arrested, and though roots appear through heredity, 
they cannot develop themselves. As another illu.stration, it 
will be observed that on a leafy branch of a tree which has 
opposite leaves, e.g.^ Pavia, Sycamore, "Walnut, or Horse- 
chestnut, the lowermost leaf of any pair which stand in a 
vertical plane has a petiole very much longer than that of 
the upper leaf, in order to bring the blade to the front ; the 
angle between the petiole and branch is much more acute, 
while the thickening of the base or pulvinus is intensified. 
This involves a much thicker layer of collcnchyma, and a 
different construction and arrangement of the fibro-vascular 
cords. The leverage being at a disadvantage, or of the “third 
kind,” quite accounts for the extra thickening at the base. 
Thus, the petioles of four pairs of loaves situated in a 
vertical plane of a horse-chestnut tree weighed respectively 
as follows : — 


Ornie. Orms. 

r. Lower leaf, 13.00 Upper, 7.15 


2. 


» * 1-35 

99 

5-55 

3 - 

19 

„ 7.20 

19 

3-90 

4 * 

91 

» 9-35 

11 

380 


Means 

... 10.22 

• • • 

5.10 


Gnus, 

Difference, 5.85 
» 5 *^® 


330 

5-55 

5.12 


Hence the average weight of the petioles of the lower leaves 
was about double that of the upper ; the difference being due 
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to the extra development of tissues in the lower petioles in 
order to overcome the strain due to gravity. 

Applications to Climbing Stebis. — This important principle 
of adaptation to strains, with the resulting alterations in the 
supportive and strengthening tissues, applies especially to climb- 
ing i>lants ; for while, on the one hand, the main stem, which 
is no longer self-supporting, in a certain sense degenerates^ to 
be further explained, by atrophy or “disuse,’* the parts or 
organs which have to sustain any weight or strain undergo 
changes by hypertrophy and become much thickened, &C.5 
lienee arises the fact that so many stem-climbers are remark- 
able for their anomalous structures. The fact that woody 
climbers generally possess anomalous features would seem to 
point to some correlations with their liabit of gi'owth. 

Van Tioghem and Herail,! however, do not recognise any 
causal relationship between these curious structures and the 
climbing propensity, although the former writer admits the 
coincidence to be frequent, for three reasons; (i) in some 
climbers the wood is normal; (2) similar anomalies occur in 
plants which do not climb at all ; and (3) the anomaly affects 
the roots as well as the stems. 

In reply I would observe: (i.) That some climbers with 
normal wood are exceptional proves no more than that in their 
case they have not yet been required to change, as the normal 
structure can avail for them. (2.) There are two replies 
to the second objection: (i.) That similar anomalies occur in 
other plants does not dispose of the suggestion of their being 
of special use to climbers, as each species must bo judged and 
interpreted on its own merits ; as, e.g., has been already shown 
in the case of desert plants.^ One would be rash to say that 

1 Itccherclus sur V Anatomic cojajmr^ dc U Tuje dca DicolyUdoiu^s. Ann. 
dcs Sci. Nat., Sdr. 6, tom. xx. p. 203, 1885. 

Supra, p. 73. 
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there was but one cause for producing similar aiioiiialoiis 
structures, (ii.) AVe can never disprove the hypothesis tliat, 
although certain plants are not climbers now, they may not 
have descended from such, and liavc retained an anomalous 
structure. Climbers are well known sometimes to lose their 
habit, or at least retain it in abeyance, and tlien to reacquire 
it, as in the familiar instance of dwarf French beans.^ To give 
a remarkable instance, no one would d pi'iori expect that a 
large shrub with a considerable trunk and branches, growing 
to a height of fifteen or more feet, could climb. Hipiage 
Madahlota^ however, growing in gardens in Cairo, often sends 
out one or more slender shoots, which twine around neigh- 
bouring trees or bamboos to a height of ten feet or so. It 
belongs to the order Malpigliiaceoi^ and therefore may be pre- 
sumed to have retained a climbing habit. 

As an interesting instance of plants becoming “sarmentous” 
elsewhere, M. AVarming observes of such : — “ Les parties boisees 
des Campos ou Cerrados sont a peu pr6s d< 5 pourvues do liancs 
et do plantcs dpiphytes ; on y rencontre rarement uno Broin^' 
liacee ou uu Ficus, dchappd sans doute de la zone des forcts. 

. . . D n’existe pas do liancs dans les Campos, mais, phdno- 
m6ne digue de reraarque, ou observe une tendance vers Ic type 
sarmenteux chez certaines espdees appartenant k des genres qui 
fournissent des liancs dans la zone des forcts. Lours rameaux 
longs do 2 3 m., trop faibles pour demeurer dresses, retom- 

bent en arcades. Le genre Serjania est de cette catdgorie ; il 
est reprdsentd dans les forcts par i8 esp6ces, ayant toutes les 
caraetdres de lianes, et dans les Campos par le S, erecta, dont 
le nom indique suffisamment le port. De meme, le genre 
Bauhinia compte dans les forcts des arbres et des lianes, tandis 
quo ses quatre reprdsentants dans les Campos ont le memo port 

‘ See also Darwin’s “ Climbing Plants” p- 42. 
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que le S. erecta. C’est le cas aussi pour plusieurs Malpigliiac^es ; 
quelques especes meine de 'Tetvitpievts et d Heteropteris ont la 
forme de Hanes dans la foret, et conservent le port ^rig4 dans 
les Campos. Les Dilleniacdes et les Ilippocrateacecs n’ont 
pour rein-esentants dans les Campos que des sous-arbrisseaux, 
taiulis que leurs esp6ces forestifcres sent des Hanes. II parait 
probable, d'aprts tons ces faits concordants, que le Serjania 
ererta et les especes de memo port sont issues de Hanes, qui, 
^luigrdes des forcts, se sont adaptees aux conditions du milieu 

que les Campos leur ont ofFcrtes.”' 

An analogous feature applies to Convolvulacece in the African 
deserts, where species of Convolvulus form dwarf stunted little 

bushes, with no climbing properties whatever. 

(3.) That the anomalous structure of the stem of a climber 
should appear also in the root is only what might be antici- 
pated, since a root of a tree can put on ligneous tissues like 
the stem, and develop rings of wood to supply a support to 
balance the weight of the trunk; there is no d priori 
reason why a root may not assume the same features as the 
stem of a climber. Indeed, we might say ^ Mti<yri it would 
do so ; for the structure of lianas does approximate in cer- 
tain ways (as in the increase in size and number of vessels 
accompanied by enfeebled wood fibres) to roots. Further, 
since the root of a tree has to be proportionally strong to fix 
it firmly according to its size, and as the wood is formed in 
the stem, so is it continued down into the roots. This for- 
mation of wood depends on the foliage ; and if the 
the stem be anomalous, so too will probably be that of the 
root, for it would follow suit, as it is cquaUy dependent 
upon the assimilative tissues above ground and on the supply 
of nutriment sent down to it. 

' “Lagoa Santa (Crdail),” &c. Rev. Oin, de Bot., v. p. 151. 
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M. Costaiitin ^ has described the results of his cxpcriinents 
of growing ordinary aerial stems underground, and shows Iiow 
they at once begin to assume a likeness to roots in their histo- 
logical structures. Thus, e.g.^ and n lyropos of tlie present sub- 
ject. the liber and woody fibres or supporting tissues are greatly 

arrested, exliibiting an analogous procedure with climbing 
stems. 


If a transverse section of our common Clematis Vitalha bo 

compared with one of a root of an elm, it will be readily seen 

how close is the general resemblance between them ; the 

medullary rays being larger in the former, is the principal 
difference. 

Wr. H. Spencer* long ago drew attention to the fact that 
plants respond to “actual and potential” strains, which he 
explains as follows: — ** Actual strains are those which the 
plant experiences in the course of its individual life, lly 
potential strains I mean those wliich the form, attitude, and 
circumstances common to its kind involve, and which its in- 
herited structure is adapted to meet. In plants with stems, 
petioles, and leaves, having tolerably constant attitudes, the 
increasing porosity of the tubes, and consequent deposit of 
dense tissue, . . . takes place at parts whicli hayo been liabi- 
tually subject to such strains in ancestral individuals. But 
though in such planU tlie tendency to repeat that distribution 
of dense tissue caused by mechanical actions on past genera- 
tions goes on irrespective of the mechanical actions to which 
the developing individual is subject, these direct actions, while 
they ^eatly aid the assumption of the typical structure, are 
the sole causes of those deviations in the relative thickenings 


* hi-adt^i^rie dej Tige^ Mcixnez et touterrainca dea DieotyUdones 
Ann. dea Sci. Nat. Sot., Ser. 6, 18S3. tom. xvi. p. 4. 

Circulation the Formation of Wood in Plants,” by H. Spencer 
Trana. Linn. Soc., voL xxv. p. 405, 1866. ^ ^ 
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of parts which distinguish the individual from others of its 
kind. And tlien, in certain irregiilarly growing plants, such 
as Cactuses and Euphorbias [and I would add some woody 
climbers], where the strains fall on parts that do not correspond 
in successive individuals, we distinctly trace a direct relation 
between the degrees of strain and the rates of these changes 
which result in dense tissue.’' He records Mr. Croucher’s 
experiments at Kew, which proved that cactuses developed 
wood where subjected to artificial strains; but when they 

were tied up, 7m formation of wood took place. 

This last remark requires a comment, because the tying 
up may involve one of two conditions. If it relieve the strain 
due to resisting gravity, tlierc will be no eflfort required 
and no wood formed ; but had it been tied so as to subject 
the growing organ to a new strain, wood would have been 
made to meet it. Thus, if a bough of a tree be tied back, 
it will on an immediate release of the ligature, return to its 
former position at once ; but if it be kept tied foi a season or 
two in the new position, though it may be afterwards released, 
it will be found to retain the position given to it because it 
has been making tissues to resist the strain until it is overcome 
and the forces are in equilibrium.' Now, when we CNamiiie 


■ ProteSBor Huxley rem»rk.B in ll.e “ Lite au.i L, tter,B of Charles Lanvin ” 
(vol ii D. 180) th.af. “One half of Lamarck’s arguments were obsolete 
in l85o*^and the other l.alf erroneous r.r defective, in virtue of omitting 
to deal with the various classes of evidence which had been bnmght to 
light since his time. Moreover, his one suggestion as to the cause M the 
gradual modification of species- effort excited by change of 
tis on the face of it, inapplicable to the whole vegetable world. The 
reader will perceive that Mr. Spencer distinctly controverts and disproves 
this last statement of Professor Huxley ; and I would venture to add n.y 
conviction, baaed upon many observations and experiments, that there la 
an abundance of evidence to prove that living protoplasm of plants is 
always responsive to mechanical strains and builds up tissues to meet 
them ■ or conversely, if a plant be not subject to them, a corresponding 
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the anomalous tissues of lianas, wc at once sec tliat there is 
the obvious diflference between such climbers and trees or 
shrubs, in the fact that the stems of tlic latter arc self-support- 
ing, wliile the stems of the climbers are not, or only partially 
so. They acquire, as a result of their habit of growth, certain 
features which are very obvious, such as gicat length and 
flexibility. The loops and festoons which form themselves 
must necessarily be subjected to various strains, i)artly from their 
own weight, partly from the oscillations due to the swaying 
of the branches of the trees upon which they arc susj)eiidcd, 
&c. These strains must be met, or they will snap asunder 
like over-stretched cords, and I take the many anomalies of 
structure to be various self-adaptations of these plants to put 
themselves into as perfect a state of equilibrium as possible, 
compatible with the vital activities carried on in their tissues. 

Although M. Van Tieghem and M. HtJrail do not think 
that there is suflicient evidence to enable one to trace a cause 
and effect between a climbing habit and an anomalous stem, 
the former observer records a fact which certainly seems to 
point the other way. He thus speaks of Wistaria: “ Quand 
la Glycine {Wistaria) enroule sa tige autour d’un support, on 
voit au bout d'un certain temps, de part et d’autre de la region 
en contact avec le support, une assise du parcnchyme libtSrien 
secondaire devenir g^n(iratrice et produire de chaquo c6t(S un 
arc hbiJroligneux normalement orients, qui cst tertiare, Ces 
deux arcs lib^roligneux s^^tendent plus tard du c6t6 oppose an 

ce temps, I'assise 

g^iieratrico normals continue a fonctionnor et & produire du 
liber et du bois secondaircs.” 


■■ U.8 and disuse.” I repeat 

kin^lT ' 

^ Traits BoUintque, vol. i. p. 828, 1891. 
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jSI. Leclorc du Sablon * has also, and more lately, given a 
careful description of the development of the anomalous struc- 
ture in the stem of WisiaHay and shows, in the first place, that 
there are no anomalies in the short shoots Avliich do not 
climb, no secondary developments occurring ; secondly, that the 
secondary and tertiary formations are produced in the climbing 
shoots ichen the stem is subjected to pressure; thus corrobo- 
rating M. Van Tieghera’s earlier observation. His words are 
as follows : — “ La premiere ann^e, la structure est toujours 
normale ; mais la soconde ou la troisifeme ann^e, lorsque le 
contact entre la tige enroulee et le support est tres 6troit, on 
voit la couche gcneratrice surnum^raire se former suivant deux 
licrnes cn forme d’Wlicc de part ct d’autre de la surface de 
contact. Ordinairement la pression exerede par le support sur 
la ti<-e affaiblit raclivite de la couche gcneratrice normale tout 
le Ion" de la surface de contact; il y a alors une sortc de 
compensation Ctablie par I’apparition de la nouvclle couche 
genCratrice. Le plus souvent, on voit done sur une section 
transversale la couche genCratricc normale continue et la couche 
surnumeraire limitCe h deux arcs de part et d’autre de la rCgion 
dc contact avec Ic support.” ^ Tliirdly. the older stems, which 
do not climb, may still form secondary and tertiary woody 
.growths, apparently from the “acquired habit.” as INIr. Her- 
bert Spencer has explained in the passage already quoted. M. 

Leclerc du Sablon thus writes . 

“ II faut remarquer quo dans les tiges trCs ^gCes do Glycine 

qui ne sont pas enroulCes, les anomalies de structure peuvent 
se presenter, et qu’une couche surnumCraire pent apparattre 
d’une fa^on d’ailleurs irrCgulicre et sans jamais former un 


anneau complct.” ^ . .1 • 

Lianas have not been sufficiently studied in tlieir 


native 


1 Rrv.Gen.de Bol., 1893, vol. v. p. 474. 

2 Loc. cie., p. 477 - “ 
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countries to test tlie [joint sufficiently ; but if these practical 
exjjerienccs with Wistaria may he taken for what they arc 
worth, coupled with the genend fact tJiat similar as well as 
other features are generally characteristic of climbing stems, 
then we may at least offer it as a “working hypotliesis,” that 
the peculiar structures of climbing stems are due to the efforts 
made by the climbers to strengthen themselves so as to resist 
strains and tensions, by making them flexible and clastic, so 

as to best meet the forces to which they are subjected witliout 
suffering injuries. 

The process is thus comparable with the acquirement of all 
other self-adaptations, in that these lath-r are the direct out^ 
come of reactions to external forces, and are the best fitted to 
fulfil the functions of plant life under the circumstances. 


The example of Wistaria seems to prove that the new cords 
or arcs of supportive tissue are developed Just where the strain 
IS felt, and where it is required to strengthen the stem. The 
above statement of Vim Tiegliem reminded mo of the 
fact that in America Wistana sinensis is often grown as a 
standard tree, wliicli ilr. Meehan of Germantown, Philadcd- 
phia, informed me never sends out long annual shoots, as the 
plants trained along a waU are accustomed to do, sometimes to 
a length of upwards of 30 feet in one season. Mr. Meehan 
kindly sent me, at my request, some shoots of the same size 
and growth from each kind of tree. The results of a micro- 
scopical examination bore out my anticipations, in that the 
histological details proved to be very different in the two kinds 
as will be seen from the following details of their structures 
respectively The diameter of the shoots was three-eighths of 
an inch lu the case of the “ tree WisUria, the diameter of 
the pith 65 divisions of the micrometer ; while that 

of the trained Wistaria had 93. The breadth of the woody 

none or xylem measured 33 in the tree, and only 13 in the 
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trained ; the numher of vessels in tlie space between two radii 
at right angles was 30 in the tree and 40 in the ti’aincd ; the 
diameter of the largest vessels was 3 in the tree and from 3J 
to 4 in the trained. The liber fibre was much increased in 

the trained form. 

Peculiarities op Climbing Stems. — I will now consider the 
probable origin of the anomalous structures to be seen in 
climbing stems, and see if there be not reasons for considering 

them to have arisen from similar causes. 

The pecuUar characteristics, both morphological and histo- 
logical, of the woody stems of climbing plants have long been 
known, and various types of structure are well recognised, corre- 
sponding more or less to the natural orders to which they 

belong.^ 

It will be unnecessary to describe in detail tlie many well- 
known forms of lianas, but only to allude to some varieties. 
Thus, there are the “cable "-like forms, consisting of several 
twisted strands, each being a longitudinal outgrowth on the 
circumference of the central main stem. These are charac- 
teristic of the Malpighiacew. The “ ribbon " like stem is seen 
in Bauhinia and allied genera, bulging on both sides alter- 
nately.'^ These resist lateral strains : the gain of strength in 
these stems is quite as obvious on mechanical principles as in 


* Tlic reailer may be referred to the EUmciitS dc Botanique, p. 232, of M. 
Duchartre, and M. Van Tieghem’s Trakt dc Botanique, vol. 5 . p. 822, where 
good figures are given, and numerous authors are referred to ; and espe- 
ciallv Rcchcrches siir V Anatomic compnric de la Ttrje dcs DtcotyUdoncs, 
par M. J. Herail. Ann. dcs Sci. Bot., S 6 v. 7, tom. ii. 1885, p. 203. In 
the following descriptions I have mainly relied on my own observations 


on the anatomical structures. 

See excellent figures by Duchartre, oq?. cit., pp. 233, 235. Kclerence 
may be made to Jussieu’s Monogr. dc la PamiUc dcs Malpojhu^, Arch 
<lu Mus., iii. 1S43 ; Gaudechaud’s Rccherchcs, Ac., p. 184. anti Traitc dt 

Bot., by Ph. Van Tieghein, vol. i. p. 823. 
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an ordinary hempen cable or a steel strap. Several of the 
Sapindaccm strengthen tlieir stems by supernumerary and 
localised ribs of wood running up the cork.' 

As methods of securing elasticity, abnormal developments 
of liber fibre or of cork occur, as in Bujnoniaccin^ where the 
wood occurs in the form of four or more widely separated 
rays, the interstices being apparently libriform. This occurs 
also in some MalpighiacetBy ApoajnaccGSy OlacinecSy Aristolo- 
chiace(B^ &c. ; several of the Menisj^ermacecn have concentric 
2;oDes of wood, and often cortical tissue, alternating for two 
or three years, but afterwards the stem becomes eccentric. A 
somewhat similar arrangement to that of the first year’s 
growth of the preceding is found in Gnetum^ where ai>- 
pareiitly liber fibres alternate with wood. 

The presence of such clastic or flexible tissues as cork and 
liber, in exceptionally largo quantities or abnormally dis- 
tributed, will probably tend to furnish a means for meeting 
strains without allowing the stems to be injured by too groat 
flexure or breakage. 

A study of the histology bears out this surmise, that the 
stems of climbers are adapted to meet strains by their flexi- 
bility and to secure strength by other means than by lignified 
woody fibre, this latter being what might be called the ‘‘self- 
supporting” tissue, par excellence^ as in timber trees. The 
differences are exactly analogous to those between the strength 
of a ship s cable and that of a wooden post. 

The following is a brief summary of some of the most 
important characteristics : — 

I. External columns, giving a cross-section the appearance 
of having projecting cortical processes. Examples of this 
may he seen in herbs such as Galium, aematis Vitalba, 


> See Duchartre, op. ext, p. 240, flgs. 87, 88. 
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Humulus LuindtiSy Ceniradenia grandijiara, and species of 
Bauhiniay in which the processes become “wings.” The 
wings or buttresses consist of local developments of libro- 
ligneous cords. 

2. Cortex. — This may be very thick, as in StephaTwtia^ or 
as in Ai'istolocliia SiphOy where it forms two zones, an outer 
collenchymatous, and an inner layer of large thin-walled paren- 
chymatous cells. The concentric alternating layers of wood 
and cortical tissue in the Meninpei'macece are due to periodic 
activity of a cortical generative layer, the true cambium being 
in abeyance.^ 

3. Pei'icycular sirurturcs. — The pericycle appears to be 
particularly active in making special tissues in certain climbing 
stems. Thus in Clematis it makes alternate layers of liber 
fibres and suber, which as continually exfoliate from tlie 
surface. In AristolocJiia there is a broad zone, well defined 
exteriorly, Init less so within, of strengthening tissue. This 
appears to closely resemble many endogenous stems. In a 
species of PipeVy LonicerOy and Steplianotis there is a zone of 
fibres of several rows. The ribbon-like processes of Bauhinia 
are attributable to its agency. The “fibrous” bark of many 
climbers, as the Vine, Honeysuckle, Wistaria, &c., arc due 
to the activity of the pericycle. 

4. Xylem. — The feebleness of the wood fibres, both in 
quantity and in the structure of the imlividual element^ 
accompanied by numerous vessels of large calibre, together 
with broad medullary rays, arc features of very general occur- 
rence. They might be regarded, perhaps, as the most char- 
acteristic of woody climbers. Collectively, they offer much 
less resistance to strains, in consequence of their increased 
flexibility, than a dense zone of wood, which is more liable to 

1 M. Leclerc < 1 « Sablon compares Wistftrui with Coccidus a-.nl Ctssam- 
pelvs. Oj). cit.y p. 479. 
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snap. Besides the advantage of elasticity iii the preseiiee 
of large medullary rays, as, e.r/., in AristolochiUy Clematis, 
Unjnoma, &c., tlie large-sized vessels enable water to pass 
readily to a great length, an absolutely necessary provision in 
rapidly growing shoots. 

M. Herail observes tliat the mode of life of climbers in- 
volves a modification of two kinds in their histological struc- 
tures; the first being the development of the conducting 
tissues, the second the organisation of the mechanical tissues. 
To these two might, I think, bo added the protective tissues, 
o.g., cork and liber fibres. With regard to tlie number and 
size of the vessels, this author gives lists of climbing plants 
and of allied non-climbing species, in order to show the 
marked difference between the sizes of the ve.ssels respec- 
tively, The following are a few selected cuiscs : 


CUrmaiis Vitalha 
Cohaa scanderis 
Calystegia septum 
Tecoma radicans 
Aristolochia Stpho 
Galium apcritxe 



0. recta , 

Pokmonhim cnrnlcnm 
Convolvulus tricolor . 
T. CajHipensis . 

A. ClcmntHis . 

G. Mollngo 


50 

60 

yo 

35 

70 

10 


Solauum Dulcamam affords a good illustration of tlieso 

accorTnT’t “ T ““>1 same shoot 

lax aiid^to° ^ contains a very 

ax and torn prth, surrounded by a very thick-walled xylom 

la to 

1 ^ ^ These one-year shoots 

hich carry the leaves and inflorescences, do nof climb but 

fibre® f •> ’ have also a small amount of liber 
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In a second year’s growth the thick-walled wood fibres arc 
much reduced in quantity, and the vessels are now larger and 
more numerous. In all later years the wood fibres are thin- 
walled and the vessels very large and numerous. In this plant 
the medullary rays are thin, and show no excess of development. 
The surface now puts on a considerable amount of cork. The 
older shoots, say of six years’ growth, are highly flexible, in 
consequence of the enfeebled character of the xylem. 

Possible Aids to Stem Pressure. — Besides affording means 
of greater elasticity and flexibility in climbing plants, the large 
medullary rays, and in some cases the increased cortical tissues, 
may, I think, aid considerably in producing stem pressure to 
assist the flow of water to great distances. It is well known 
that if the surface, f.e., the epidermis and hypodermic layer, 
be removed from a herbaceous stem or petiole, they contract, 
having been subjected to a longitudinal tension, while the 
internal column elongates, showing that the tissues which com- 
pose it are under a constant longitudinal pressure. If, there- 
fore, the parenchymatous tissues be increased in quantity, as 
they are in the large medullary rays, so much the greater will 
this tension become when they are saturated with moisture, 
as may be seen to be the case in a cut section of the shoot of 
a growing hop-plant. It is also a familiar fact that if a ring 
of cortex be cut out of a growing stem, and be cut vertically, 
it cannot be replaced in position, because the turgid parenchyma 
of the pith and medullary rays tend to expand in every direc- 
tion. This being so, we can well understand how the largo 
vessels must be constantly subjected to a transverse squeeze, in 
consequence of the horizontal tensions of the superficial layers.' 


1 This is not the place to enter into a discussion of the very debatable 
subject of the flow of water in plants, but I cannot but think that phy- 
siologists do not, .as a rule, give sufficient weight lo Kraus’s investigations 
{La Tension du Tissu U scs Consi'g'ucnccs ; .dim. dts Set. Nat. Bot., i. p. 
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In the Wistaria, for example, of wliich I have given diinensions, 
the pith in the growing stem of tlie trained plant has an area 
more than twice that of the shoot of the same diameter taken 
from the tree form. 

We thus see, if tliis interi)retation be correct, that tlie 
alteration in the tissues brought about by the stems being 
supported are the very ones which are also most conducive to 
the carrying water to very great distances. 

I tliink, then, we may now begin to sec somewhat of the 
causes and effects traceable in the adaptations of climbers. 
Starting with the fact that they are supported, the lii*st result 
is a degeneracy in the xylem, which remains pliable by failing 
to become very much lignified. This allows the vessels to be 
increased in number and size. The strains and tensions to 
which the stems are subjected are now met by means of tlie 
elasticity of the liber, cork, &c., while the stems themselves 
^ume various forms to meet these external mechanical forces. 
\\ethus find the twisted rope-like form consisting of several 
strands m genera of the Mcdpi^flnacem ; the ribbon-form, re- 
peatodly folded and bulging on alternate sides, forming a suc- 
cession of arches in reversed order, as in Bauhinia ; while in 


in :.:d at Z “i: ^ -un>„lau.s 

n neces^c, to suppl, the Let JthinZtr.: 

Mess., dZ “.StZ”'' »• 

-cent of sap. and tve left " "“a ‘he 

-planation of t^e pZoZ::: 'r' “herein to s^-k an 

established at the iLf be recaijLd ' <>''aiight upon the sap 

perimeiiu lead the authors to hel' '=nP‘>l«y or not. these ex- 

offect the elevation by direct tensioro'f toe^UVil™ I toe’e? 
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others lon^tudinal and strengthening ribs are superadded, as in 
Canlotretus hetei’Oiihyllus. 

The structure of these examples is so obviously in accord- 
ance with mechanical principles of strength, that the general 
conclusion seems inevitable, that both morphologically and 
histologically lianas have acquired their peculiar forms and 
structures by self-adaptation to external mechanical forces ; 
so that, on the one hand, atrophy has followed as the result of 
being supported, especially in the deficiency and feeble char- 
acter of the wood fibres; on the other, hypertrophy is the 
consequence of their being subjected to various tensions and 
strains, though we may not be able to trace the immediate 
cause of the development of each individual variety. 

Since degeneracy is a mark of the xylem in climbers, as 
also of aquatic plants and of Endogens, it is perhaps not sur- 
jjrising to come across more or less identical features. Ihus 
in Piper there are isolated cords in the medulla, and these 
cords are often quite destitute of cambium. In others it may 
be detected by the presence of rows of cells converging to a 
])0int where phloem is situated. The belt of pericycular tissue 
below the cortex of ArUtolochia is very like that of Endogens, 
and may be regarded as a third point of resemblance to that 
class, its use being to strengthen the stem when the xylem of 
itself fails to be sufficiently supportive. In some cases the 
stem is absolutely zoneless, the cords being all isolated. 

These considerations lead one to conclude that anomalous 
stems have become what they are in consequence of climbing. 
That the habit ■was primarily induced by mechanical contact 
on circumnutation is most probable. The universal pheno- 
menon of sensitiveness or irritability to external stimuli was 
then called into action, and the climbing habit resulted. Then 
followed the alterations in structure as a direct consequence 
of this acquired habit of life. Lastly, they are reproduced 
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by heredity, even when the plant may have ceased to climb 
altogether. Why there should be so many difTercnt types of 
lianas it is not possible to say ; but variety is a law of 
nature. We might just as well ask, why are there so many 
forms of leaves, flowers, and fruits? The possibilities of 
adaptation in nature are innnite, and I, for one, would not 
attempt to reply to this question, though I think the growth 
in response to the influence of strains is identically the same 
as what IS called “use” of muscular and other energy in the 
ommal kmgdom, and would be a correct general reply to the 

rmll" " " 


SlTIC."- '"'i 

=S£~:s:£~= 

Other cases it is presumable that tho i. i * 

the stmins ” when called Li potioles “ feel 

they respond accordingly ; for there 

thicken these organs heforr or iml tn attempt to 

been made. mechanical grasp has 

■‘P-- l-ve caught 

aUy coiled or othLiZ xirtV r*" 

explamed as above, namely as the u is to bo 

“g'is a mechanical necessity to meeT the ” 
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continuing to increase after contact, coils spirally ; but if it 
were to do so only in one direction, the force imparted into it 
would tend to -wrench it asunder. This, therefore, must be 
neutralised by a coiling in the reverse direction ; so that the 
number of coils either way is always approximately equal. 

M. lAon has endeavoured to discover the cause of the re- 
verse coils. lie writes as follows : — “ J'ai chercli6 a voir 
comment se formaient ces spirales inverses. A3'ant remarqud 
qu’elles ne se dessinaient bien que lorsque le sommet des 
vrilles etait fix^ k un support, je playai le sommet des vrilles 
de Macon et de Citrouille en contact avec des brindilles fix^es 
en terrc, et par une surveillance attentive je m’assurc que 
I’enroulement inverse de deux spirales voisines 6tait simultainS. 
La vrille se courbe d’abord dans une partie de son (itendue, et 
cette courbure tend h se prononcer, k se resserrer en un point 
on deini-cercle. Get arc de cercle devient alors le centre d’un 
mouvement rotatoire tres lent, mais qui insensiblcment tord 
les deux coWs opposes k cet arc mobile et leur fait decrire k 
chacun une spirale, qui, bien que derivant de la memo impul- 
sion, se dessine en sens inverse ; le point d’application des 
parties opposties agissent aussi gauche sur Tune, ii droite sur 

I’autre. 

» Je puis indiquer un moyen plus prompt de verification du 
mouvement que je viens de dccrire. C’est de tenir dans 1 eau 
par ses deux extr^mit^s une jeunc vriUe de Bryone, ou mieux, 
sa moiti6 longitudinale. On voit sur-le-champ se former par 
un seul mouvement les spirales inverses. Le point de ce 
changeinent de direction, qui se marque par un demi-anneau, 
m’a offert, examine au microscope, des cellules plus grosses sur 
les c6t6s, dans le sens du plus grand diametre, que vers lo 
centre de la section transversale ; dans les spires, au contrairo, 
les plus grosses cellules paraissent sc localiser vers le centre de 
la section. Mais Tordonnance de cette incgalitc n’est pas tou- 
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jours k ce point tranchee quo lo point dc ddijart d’un chango- 
ment de direction piiisse ctrc reconmi d’avance sur une vrillc, 
Ces changements do direction des spiralcs des vrillcs, examines 
ext(irieurement, seniblcnt dus a des iinigaliWs par exebs ou par 
defaut dans la fiexibilite des tissus. II sulfit du moins de 
varier r(ipaisseur des sections faites sur des vrilles, eju’en 
soumet k I’exp^rience de I’ciidosmose, pour faire naitre artifi- 
ciellement et a volontd ces changements de spires, qui sc pro* 
duisent aussi sur les lanicres d^tachdes des tiges.” ' 

It is evident from tlie preceding that the coiling is tlic 
direct outcome of tlie tensions to wliich the tendril is sub- 
jected by the inequalities of growth tliroughout its extent, and 
the reversing of the coils is a mechanical necessity to avoid 
breakage from any excessive strain. 

Similarly in the genus A7npelopsi$, the two species of which, 
so commonly grown in this country, not only illustrate a 
similar feature of response to strains in their tendrils, but 
they show how a merely mechanical irritation brings about the 
development of the adhesive “pads’* in the one case, previous 
to the increase of the thickness of the tendril duo to the 
response to tension, and that the effect has become hereditary 
in the other; for while A. Jiederacea has no trace of this 
adhesive structure before contact, in A. Veifekit, as well as 
in Haplophyllum {Bignoniaceai)^ it is partially developed in 
anticipation of the contact, but it is only completed on touch- 
ing the surface of the wall. Similarly the aerial roots of ivy 
often protrude even before contact.^ 

Besides coiling, as in the tendrils of bryony, passion-flower, 
&c., or zigzag bendings as in Avipelopsis^ there is another way 

* lteeh«rch €9 nouvdUs sur la Cause du Mouvement spiral dcs Tiges valubUes, 
par M. I. Lcod. Bull, de la Soc. Boi. de Fr., 1858, 679. 

2 See « Origin of Floral Structures,*’ chap. xvii. on “ Sensitiveness and 
Irritability of Plant Organs," where I have further discussed this subject. 
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of ncutiali&ing a strain in a cord-like structure, namely, by the 
axis twisting back upon itself. If a piece of stnng be fixed 
at one end, and be twisted for some time at the " 

direction, it will be found that when the string ^ 

relaxed, it will first of all cod up in the opposite direction 
(right or left, as the end has been twisting to the left or righ 
respectively), and then coil upon itself. A precise^ siniUar 

twistini' is sometimes met with in lianas. An examp 
figured by M. Duchartre of the rope-like cord of a species of 

aw’ few instances will be quite ^ 

that the principle is a general one, that 

felt, plants invariably make an eftort mee , .j. 

reduce the external and internal forces to a state of equih 
brium ; and that this is done partly by simply obeying mech. - 

to compete with others, such as trees ,,,ant 

rru2ie‘ut1Jhranrtherrhc 

--’T'"; "z -eTethit" 

rr^her. Xo rende^^is 

!S srS'Sa =^3 

so thai they have not to expend their energies in maki g 


» Op. cil., p. 233, fig- 79 - 
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trunk in order to be sulf-supportinj', they will make shoots 
often tliirty feet or more in length in a single season. This 
example shows that the last of the surmises iiiciitioneil above 
would be fulfilled, and we know sensitiveness to contact is pre- 
sent or absent according to varying conditions and usages of 
parts of plants. It would not be altogether unparalleled to find 
that these weak stems were more alive to respond to mechanical 
contact than thick stems well able to stand erect. For example, 
the dwarf French bean with a thick stem requires no support, 
but it often puts out a long slender shoot wliich twine.s. 
Again, the thick peduncle which suppi^rts a buncli of grapes 
is not at all sensitive at any time ; but the thin tendril, which 
is only a modified form of the peduncle, is highly sensitive. 

Hence, while further information is wanted as to tin* real 
origin of climbing plants, it is at least a reasonable hypothesis 
that some such conditions as have bccji suggested were the 
originating causes of a climbing ha})it. 

After the last paragraph was written, the number of the lievue 
Ghieralc de Botanique for May 1893 came to hand,* in which 
Hr. Warming continues his paper, Etude de Geographic Bota- 
nique, in reference to Lagoa Santa, Br( 5 sil. Ho writes as 
follows : — “ Les plantcs volubiles et griinpantes doivent lour 
developpement h Tombre ^paissc des forets. L’( 5 volution de 
ces plantes parait s’expliquer do la manierc suivante : la jeune 
plante, d6veloppce h I’ombre, est forego do s’accroitre en hauteur ; 
ses rameaux s’allongent ct s'amincissent. Le premier degre 
d’6volution nous est presents par les plantes qui s’appuient 
simplemont sur les rameaux des arbrisseaux et des arbres ; cos 
plantes sarmenteuses sont nombreuscs dans la flore do Lagoa 
Santa; cUes compreimcnt des Amarantac<ies, des Composees, 
des Borraginees, des Euphorbiacoes, des Violacdes, et meme 


^ Tom. V. p. 213. 
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dcs Cyperac 6 es. L’adaptatioii est plus nettement accus 6 e dans 
les plantcs rameuses dont les branches s’ins^rent a angle droit 
sur I’axe ^ grace ^ cette particularity, elles reposont facilcment 
sur d’autres branches : c’cst ainsi quo les choses so passent pour 
Ic Chiococca Iracliiata, le Buddleia hracliiata, pour quelques 
Slrychnos et Hippocratea. Puis viennent les plantes volubiles. 
La nutation de la tige peut otre mise h. profit. ... A cette 
catdgoric appartienncnt un grand nombrc d’esp^ces d’Apocy- 
11^68, Dill 6 niacyes, Borraginyes, Pioscorecs, Composyes, le Bo?is- 
singauUia gracilis^ des Asciypiadyes, Malpigbiacyes, et Euphor- 

biacyes.” ^ 

Similarly Herr Fritz Miiller comes to the following conclu- 
sions from a study of climbing branches in South Brazil 
“ We can trace in the development of branch-climbers the 

following stages — 

“ I. Plants supporting themselves only by their brandies 
stretched out at right angles ; for example, Chiococca. 

“ 2. Plants clasping a support with their brandies unmodified 

— Securidaca {Hippocratea), 

» 3. Plants climbing with the tcndril-likc ends of their 
branches — Helinus. 

“ 4. Plants with highly modified tendrils, which may bo 

transformed again into branches. 

“5. Plants with tendrils used exclusively for climbing— 

StnjchnoSy Caulotreius.” 

In all these cases I would contend that we have ample 
evidence to justify the belief that they represent gradually 
increasing dilfercntiations towards specialisation in the climb- 
ing organs, and have been brought about in every instance by 

1 Rev. G4n. de Hot., toin. v. p. 213. 

2 “Notes on some Climbing Plants near Desterro, in South Brazil. 
By Herr Fritz Muller, in a letter to C. Darwin. Jouni. Liun. Soc. Rot., 

ix- P- 345 * 
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the direct response of the protoplasm of the climbing plant to 
the mechanical irritations induced by the other supporting it. 
It only remains to be observed, that the morphological and 
histological characters, which diflerentiate the various genera 
or speeics, or even orders, in which climbing plants occur, have 
arisen by “definite variation,” t.e., in direct adaptation to the 
environment, and consequently “without the aid of Natural 
Selection.” * 

* Since this chapter was written, a very interesting and fuller account 
of the mechanical adaptations of cHinbing plants to strains has appeared 
than I have place for here. I would, therefore, refer the reader to “ The 
Natural History of Plants,’* by Keriier and Oliver, p. 724, under the 
heading, “Ilesiatance of F<diage>stein8 to Strain, Pressure, and Bending ; ” 
and especially to the figs. 177-180, illuKtrating the structure of girders, 
wliicli is paralleled by the mechanical tissues of many steins, os stated in 
the text. 



CHAPTER XI 

ORIGIN OF THE FORMS AND STRUCTURE OF LEAVES 

General Okservations.— The peculiarities of leaves arc 
generally grouped under some such headings as the following : 
~(i.) Position, i.e., whether the leaves he “radical” or 
“cauline.” (2.) The Arrangement or Phyllotojxis. (3.) Their 
Insertion, i.e., whether they he petiolate or sessile, sheathing 
or not. (4.) Stipulation, including the origin, form, and struc- 
ture of stipules. (S-) Direction,, or the plane in which the 
leaf-surface lies. (6.) Venation, upon which is based (7.) the 
Form, and (8.) the Composition of leaves. (9.) Duration, i.e., 
whether they he deciduous or evergreen. In addition to the 
preceding might be added special peciUiarities, e.g., spinesconce, 
tendrils, ascidia, &c. ; and lastly, rudimentary states of leaves. 

Besides these morphological features there arc the physio- 
logical movements of leaves in response to climatic environ- 
ments, &c.^ ^ 

Taking each of these features in order, it will be my object 

to show briefly how far we can trace coincidences between the 
external conditions and any of the above special features under 
consideration respectively, if one cannot always prove the 

existence of some direct cause and effect. 

(i.) Position. — Leaves often grow in a rosette from^^the top 

of the shortened stem, and are then called “radical.” That 

> F..r .-i pnper “ On Vern.-xtion and the Method.s of Development of 

FoUa-^e ” I refer the reader to Journ. Linn. Soc. Bol., xxi. p. 624. 
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this is a mere result of the conditions of f^rowth, which are 
in turn produced Ijy tiic environment, is obvious. Thus 
species called acait/iV, as Cardutis acaulis, naturally develop 
elongated stems when they happen to grow in valleys instead 
of on exposed hill summits, and especially in a rich soil sur- 
rounded by other jdants, as long grass, when the stem heconioR 
“ drawn.” 

Experiments, however, abundantly j)rove that tliis habit is 
an acquired one. Thus it has already been observed how high 
Alpine plants are provided with short stems as compared with 
those of the same species growing at lower elevations. Con- 
versely, M. Bonnier shows that when lie grew, plants from low 
altitudes at high elevations on mountains, the stems were all 
arrested.* 

The biennial habit, the reader may be reminded, is another 
cause of a temporary arrest of the flowering stem. Thus the 
carrot is normally an annual, hut by checking its growth by 
sowing the seed in the autumn, the garden form h:is become 
biennial, and its stem is thereby arrested for a season, the 
leaves remaining “radical.” 

Hence the radical or cauline position is simply a result of 
the environmental conditions, and can become interchangeable 
accordingly. Tlius carrots which “bolt” in the first year, as 
gardeners express it, are simply reverting to their ancestral or 
“annual ” condition. 

(2.) Phyllotaxis , — Phyllotactical arrangements of leaves can 
be accounted for on general principles, but why each species lias 
its own kind cannot be always stated. I would refer the reader 

* Supra, p. 99. 

* “On the Variations of the Angular Divergences of the Leaves of 

Helianthus tuberosus,” Trans. Lxniu Soc., vol. xxvi. p. 647; aiul “On 
the Origin of the Prevailing System of PhylloUxis,” foe. cit., 2ud Series 
vol. i. p. 37. ’ 
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elsewliere for a full account of the origin of the prevail- 
ing system ; but would on the present occasion only call 
attention to a few facts which bear more especially on the case 
of adaptation. 

It is an obvious fact that when leaves are crowded, the 
higher fractions of the ordinary series represent them. Con- 
versely, when internodes are long, the lower fractions will be 
generally found to be illustrated. But the length of the inter- 
nodes is a feature largely dependent on external conditions. 

More striking and special instances are presented by plants 
wliich show a marked contrast in phyllotaxis, accompanied by 
as marked a ditlerence in the position of the boughs. Thus, 
the common laurel, when it sends up a shoot vertically, has 
pentastichous leaves (2/5) ; but when it grows out horizontally 
from the side of the same bush, the leaves are distichous 
(1/2). A similar difference occurs on the same plant of ivy, 
Fifus rej^eus, &c., between the arrangement of the leaves on 
the climbing shoot (1/2), and on those growing freely (2/5). 
The distribution of the leaves, the positions where they 
emerge from the axis, is therefore clearly determined for them 
by the accidental direction in which the shoot may happen to 

grow. 

Hence we at once see why the di.stichous arrangement pre- 
vails, and has become a fixed hereditary character of many 
trees whose boughs spread out horizontally, as the hazel, lime, 

elm, beech, &c. 

Sometimes the distichous arrangement is mimicked, as by 
the yew. The leaves on the upper and under side of a hori- 
zontally-growing shoot arc twisted to each side, giving a pseudo- 
distichous appearance ; whereas in the Irish or fastigiate yew, 
the normal spiral arrangement, in which the leaves spread in 
all directions, becomes restored; presumably reverting to an 

ancestral state. 
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When exogenous plants have opposite and decussate leaves, 
they merely represent the primitive condition, as seen in tho 
opposition of the two cotyledons. 

(3.) Insertion. — The difference between a strongly petiolato 
leaf and a shortly petiolato one, and therefore more or less 
amplexicaul or sheathing the stem, is a matter of greater or 
less differentiation. Tlie sheathing base is a mark of arrest 
or degeneracy, 1 in that instead of one strong central fibro- 
vascular cord, together with two or more entering the petiole 
symmetrically, a number of separate cords pass off giving rise 
to the arrangement characteristic of Endogens, liamincnhis^ 
U mhellifer(By <fec. 

The length of the petiole and its distinctiveness from the 
sheathing base depend upon the requirements for reaching 
the light. Thus, in a compact plant like a dwarf Tropccolum 
long petioles are thrust out in all directions, carrying their 
peltate blades at right angles to the incident light.^ The use 
of the petioles is obvious; but a dock with long broad leaves 
spreads them out so that nearly tho whole length is fully 
exposed to the light. A similar difference may bo noticed 
between the sessile submerged leaves and the petiolato floating 
ones of Ranunculus lieterophyllus. 

When the petiole tends to become vaginato or sheathing, 
wo may see an additional adaptation to acquire strongtli to 
support the blade. This occurs in Cyperacece^ Grasses, and 
Palms. In the last-named plants the weight of the blade must 
in some cases bo enormous, and the strain on tho petiole pro- 
digious. This strain is met by the basal part of the petiole 
completely sheathing the stem, while there is, in addition, 

\ This is fully discussed in my paper on “A Theoretical Origin of 
Endogens.” Joxtrn. Linn. Soe. Hot., xxix. p. 485, 1893. 

2 Kerner’s “Le.af Mo-^aics” (Nat. Hist, of PI., i. p. 419 would 

seem to be simply the result of every leaf trying to get to the light. 



232 THE ORIGIN OF PLANT STRUCTURES 

a complete network of interlacing fibres strengthening the 
longitudinal ones. 

In Palms, therefore, we see the value both of the sheathing 
base and the long petiole carrying the blade to a distance to 
roach the light. 

A similar condition of things on a small scale may be 
seen in a field buttercup, R. acHs, wliich has a very long 
petiole and a sheathing base. It is obvious that the greater 
the weight of the blade or distal end of the petiole, so much 
the stronger must be the union at the base. Besides this, 
the pulvinus, as in the leaf of a horse-chestnut, is another 
adaptation, which increases in strength if theweight increases, 
as described in the chapter on Climbing PlantsT"^--^ 

The point to note, however, in all these observations isj J;hat 
such adaptations are invariably the outcome of the responsive- 
ness of the plants themselves. Having acquired these various 
structures, they become relatively fi.Ked and hereditary, and 
can then be used as classificatory characters. 

(4.) Stipulation . — Stipules arise as dependencies from the 
lateral fibro-vascular cords of petioles. Thus if a central one 
and two lateral cords issue out of the cauline cylinder an^ 
enter a petiole, the stipular cords branch off from the t<vo 
lateral cords before these have left the cortex to enter the 
petiole. If the leaves be opposite, a “stipular zone ” is formed 
within tlie cortex by a fibro-vascular cord connecting those of 
the opposite leaves. From this arises normally four stipular 
fibro-vascular cords which normally correspond with and enter 
four stipules. But, as is always the case when tlie possibility 
of multiplication occurs, more or less than four may arise. 
This is well seen in the members of the Siellatoi of Ruhiaceat. 
Tims, in Galium cruciatum there arc only four “ leaves” to the 


^ Supra, p. 205. 
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whorl G. saxatile and G. anglicum have tlic right number, 
six ; but in G. idiginosum there arc eight.^ 

Now the question arises, why are some plants stipulate, 
others exstipulatc 1 It may be impossible to answer this 
question completely at present ; but a few general reflections 
may perhaps suggest a hint or two as to a probable cause. 

The first thing one notices is, that there is often a com- 
pensaiion between the formation of stipules and leaves. 
Thus, in the garden pea, in which several leaflets arc con- 
verted into tendrils, and in Lathy rus Aphaiia^ all of them, 
the stipules arc proportionately enlarged and foliaceous. 

There is an anticipatory difficulty attending any speculations 
about the origin of stipules, in that tliey are now often 
characteristic of whole families ; e.g.^ Legumiiwsie, Rosacea^ 
Ruhiaccaiy &c. Tlmy must in these cases have been de- 
veloped early and simultaneously with the differentiation of 
the orders themselves, while the various forms of stipules 
now existing within the boundaries of the orders respectively 
have become subsequently differentiated. Thus, e.g.y we 
see that the stipules of the pea are obviously protective 
during the young state of the buds within their axils, but 
foliaceous afterwards. In Acaciuy in consequence of drought, 
they have become degenerated into spines, the petiole being 
phyllodinous in compensation for the loss of the leaflets. 

The questions, therefore, are, what were the primary and 
original cause and use of stipules 1 

Sir J. Lubbock has collected a largo number of coses of 
stipules recorded in works of systematic botany, and has 
come to the conclusion that the general use of stipules is bud- 
protective, as previously suggested by Aug.-Pyr. dc Candolle 

* As illustrations of arrest, the stipular zone is present in ro/«rirt»w, 
but there are no stipules. In Spergula arvaisis there are stipules, but 
without a ** zone ” or a circular tibro-voscular cord at all. 
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in 1827. Assuming this to have been so, we want to proceed 
further, and inquire not only into their origin, but into their 
subsequent differentiations as well. 

Looking at the methods by which iN^ature now protects 
tile undeveloped leaves within buds, there are two which 
are by far the most numerous, viz., by stipules, e.g., lime, 
oak, elm, &c., and by petioles, e.g., horse-chestnut, ash, 
currant, Ac. In both cases these organs are metamorphosed 
into bud-scales. 

It would therefore seem that when the blade is arrested 
in autumn, at the close of the period of vegetative growth, 
there remains vigour enough to develop the petiole in many 
cases ; and if this be also arrested, then the stipules can 
remain and take its place as bud-scales. 

Tlie development of bud-scales, therefore, is primarily due 
to the reduced and localised energy around the site of the 
bud. 

As stipules may be characteristic of certain genera only, 
even when the majority of their allies in the same order 
are exstipulate, as, c.^/., in Ranunailaceity which contains 
stipulate forms, as Caltha, &c., it would seem that there is 
nothing to prevent their being formed in any plant except 
the want of localised energy to develop them, as well as the 
external stimulus, whatever it may be, to call that energy into 
action, if it be latent. 

The study of a few e.xamples will be instructive, assuming 
that the most general and obvious function of stipules is pro- 
tective. On tracing the order of emergence of stipidar and 
foliar papillae around the jmnctuni vegetationis of a bud, though 
the latter of the two may at first be the larger (as in the lime 
and the Icaficts of the laburnum), the former soon outstrip 
them ; indeed, in the beecli the stipules are from the very 
first much larger than the foliar papillae ; and when the 
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stipules are adnate to the petiole (as in IluOun, Cratccffus, 
PrunuSj and Lalmi'nunt), they are the only part develojxid 
in fonning the hud-scales. 

We thus see how buds are formed in the autumn. The 
vegetative energy being brought to a close, the leaves become 
arrested, the stipules being the only structures capable of 
being formed. These are then converted into the brown 
scales of many of our ordinary trees. 

If their function bo solely protective, the outer ones at 
least soon fall off on the expansion of the bud in spring; 
the inner may grow and be temporarily protective, as in the 
case of the lime.' Or they may remain, but apparently use- 
less, as in laburnum. They may, however, be persistent, 
become foliaceous, and then assume assimilative functions, as 
in the hawthorn, pea, &c. 

In the blackthorn wc see a different condition represented, 
for the stipules remain rudimentary, and the leaf is ahrays in 
advance of them from the earliest stage, being rolled round the 
bud, which it completely envelops and protects. 

Bud-scales ai'o often provided with the additional protective 
instrument of hair. Its presence is another corroborative 
e.xample of M. Mer’s theory,^ that this epidermal outgrowth 
is compensatory on the arrest of the organ on which it occurs. 
But, of course, the presence of hair as a non-conductor is of 
vital importance in protecting the delicate immature structures 
within from frost. 

The general conclusion is, therefore, that the development 
of buds in autumn is simply the result of climatic conditions 
coupled with the slackening of vegetative energy. 

Conversely, if the temperature remain comparatively high 
and the air moist, winter buds are delayed or not formed ; 

* See tuy paper on Vernation, &c. (supra, p. 228). 

^tipra, p. 59. 
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wliile the vegetation, and sometimes even reproductive energy, 
is prolonged or recommenced. 

(5.) Direction . — The most obvious direction whicli the 
majority of blades take is at right angles to incident light.^ 
But this is only the optimum position in temperate climates. 
To avoid an excessive degree of heat or of cold, the surface 
is placed in as vertical a plane as possible. As this has, 
however, been discussed elsewhere, I need only refer the 
rc.ader to what I have said.^ The vertical position may, of 
course, be assumed from other causes, as in crowding, c./;., 
of blades of grass, pinks, thrift, &c. In all cases, however, 
the positions taken up by leaves is a self-adaptation in re- 
sponse to the various external influences by which they are 
surrounded. 

■ 

(6.) Venatimi. — I had occasion to say so much upon this 
subject in my paper on a “ Theoretical Origin of Endogens,” ^ 
that I need not repeat my observations ; only noticing that 
of the two primary types, palmate and pinnate, the former 
is the more primitive or else degraded form, the pinnate 
representing a more differentiated state. These two types 
of venation correspond with the more or less dissected simple 
leaves known as palmati-lobed, palmati-sect, and pinnati- 
lobed, pinnati-sect, respectively. Thence arc obtained the 
two corresponding main types of comi^ound leaves, the pal- 
mate and pinnate, to be described more fully in the next 
chapter. 

* “ On the Power possessed by Leaves of Placing themselves at Right 
Angles to the Direction of Incident Light,” by Fr. Darwin. Journ. Linn. 

O 

Soc. Hot., xviii. p. 420. 

2 Supra, p. 228. See also Kerner and Oliver’s “Natural History »)f 

Phants,” p. 347 scq. 

® Journ. Linn. Soc, Hot.y xxix. p. 485- 



CHAPTER XII 

THE FORM AND STRUCTURE OF LEAVES — (continued) 


(7.) Foniis OF Leaves. — The shapes of leaves are well-nigh 
innumerable, but there arc certain well-defined types which 
are not peculiar to special families respectively, and con- 
sequently are not presumably attributable to hereditary afiini- 
ties. Consequently, one turns to the environment to sec if 
there be not coincidences between form and habit. Observa- 
tions show that there are so many, that enough of such evi- 
dences is forthcoming to lead one to suspect the existence of 
a distinct cause and effect. In a few instances experiment 
has decided the point, and thereby verified the deduction ; 
but in the majority of cases the presumptive evidence is of 
the other kind, viz., a very great number of coinciding corre- 
lations ; which are, however, amply sufficient to maintain the 
belief that fen'm is a result of habit. 

The reader must not suppose that I shall make any attempt 
to account for all kinds of forms, but only those which 
appear to me to warrant the conclusion. The rest must wait 
till we know more about the habits of plants on the one 
hand, and the influences of the environment on the other. 

i. Linear or Grass-like Leaves . — The epidermis of rye, 
maize, &c., has elongated rectilinear cells with stomata at 
regular intervals. Now the leaf of thrift (Armeria vulgaris) 
has just the same, while in carnations they only differ by 
being rather squarer. 
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III a meadow-grass taken at hazard (and the name un- 
known), I found the cells over the chlorophyll tissue to he 
lozenge-shaped with stomata regularly situated at the angles. 
This type is exactly imitated by the leaf of Pasithea cceruUa, 
a liliaceous genus with grass-like leaves. In both, the two epi- 
derniides are alike, and, as in carnations, the palisade tissue 
is also on both sides. Another feature is found in the common 
pink (^Dianthiis phtmarius) which is not pronounced in carna- 
tions (Z>. Caryophyllus), viz., a circle of large cortical cells 
(as seen in a transverse section) around the fibro-vascular cords. 
This abuts against the pericycular fibres on one side, and 

therefore represents the endoderm. 

This is exactly like many grasses, as of the genus Artsiula 
of African deserts; but in them this layer is filled with 
chlorophyll, while in the garden pink I find it is clear. 

In Hordeum maritimum and H. mtirmum the endoderm is 
present with horseshoe-shaped thickenings on the inner sides 
of the cells. This form is reproduced exactly in the grass- 
like leaves of thrift. 

The leaf of thrift remains sub-conduplicatc, like that of 
many grasses in arid situations. The cells of the epidermis 
of the lower, that is, the exposed surface, are almost iden- 
tical with those of maize, having long rectilinear walls with 
wavy margins and stomata at the narrow ends, but wanting 
the silicious film of the Grami-neai. This outer, t.e., lower, 
surface is of course most exposed to light, and consequently 
has a dense palisadic layer of elongated cells. Sclcrenchyma 
fibres occur at the outermost angle and at various places. 
The concealed, ?.e., upper, epidermis has its two halves almost 
in contact, with deep sinuosities between the cords. This re- 
sembles many grass-leaves, especially those of Ans/n/a, <fec., 
of the deserts, which become clothed with hairs or watery 
papilla standing over the stomata, which lie in depressions. 
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III thrift, however, presiimahly a result of lieredity, there 
arc no stomata in this ujiper surface, but hair is present in 
a more or less rudimentary form, like short cones. The 
epidermis of this concealed surface is very “ epithelioid,” just 
as occurs in the flower stem of crocus, where it is concealed 
within the sheaths below the soil ; or, aj^^iin, as the upper 
adpressed surface of leaves of Thuja^ «fcc. The chlorophyll 
tissue of this upper surface in thrift is a lax merenchyma and 
not palisadic. Hence these tissues are reversed in position, 
just as they arc in Thuja. 

There are other differences, whi<*h arc due to lieredity and 
arc not adaptations. Thus the stomata have subsidiary cells 
on either side, while quadrate glands secrete lime-scales, very 
closely resembling those of lleaumut'ia and Tamarix of the 
Egyptian deserts, described above.* 

Plantago lanceolaia and Lathyrua Nissolia, which grows 
among grass, have more or less grass-like linear leaves, with 
an epidermis resembling that of the above-described forms. 

P. Klausch investigated the nature of the linear grass-like 
leaves of certain species of Duplexirnm, and came to the 
conclusion that their forms and structure were adaptations 
to the external conditions in which they grew. In many 
cases the epidermides of the two surfaces of the leaf are quite 
alike, the internal structure bearing a striking resemblance 
to those of Endogens.^ 

That the dimensions of leaves, as well as their thickness, 
arc regulated by climatic conditions, has been Avell established 
by Mr. Scott Elliots in his paper on the effect of exposure 
on the length and breadth of leaves. He shows that length 

* Supra^ p, 82. 

* See Joum. Hoy. Mie, Soc., 1S88, p. 608. 

® “The Effect of Exposure on the Relative Length and Breadth of 
Leaves/’ /oum. Linn. Soc., xxviii. p. 375, 1S91. 
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increases in shade and moisture, and that the ratio of the 
length to the breadth is alwa3's less in exposed leaves than 
in shaded ones. We have, therefore, in this fact an immediate 
interpretation of both the form and the anatomy of the grass- 
like leaves of many plants which grow crowded, whether 
they be on the same plant or in tufts, like pinks and thrift ; 
or isolated among grass, as Lathynis NiSi^oba ; or socially, like 
grasses. Conversely, we perceive the general interpretation of 
the many broad leaves of trees, as of Sycamore, Plane, *&c. 
Preadth is increased by exposure, as many observers have 
noticed, but only to an optimum degree. In deserts, where 
the heat and drought and glare are intense, the opposite effect 
is produced ; for the leaves are smaller in summer than those 
which are produced during the rainy season, or in the culti- 
vated regions of the Nile, as already stated in the case of 

Salvia laniyei-a, for example.' 

As an illustration, :Mr. Scott Elliot gives a table to show 
the differences between the measurements of the lengths and 
breadths of the leaves of several species of grasses growing 
in shady places and in the most exposed and driest spots 
he could find respectively j the “ ratios,” obtained by dividing 

the lengths by the breadths, vary from 4-5 to ,^2.4. 

The author then draws the following conclusions: “This 
(the drawn-out character) is an important point in systematic 
character, as a lanceolate, linear, or oval leaf simply arises 
from the different proportions between length and breadth. 
If then, climate or exposure can, as I think I have shown, 
produce variations in this respect on which natural selection 2 


2 Elliot here pays the usual tribute tu Niitiirwl Selection; 

but his explanation of the origin of these foru.s of leaves clearly proves 
(as Mr. Darwin himself showed) that Natural bdccUon « required at 
all, inasmuch as each individual plant varies definitdy m response to its 

awn environment. See supr^y p* 1 
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may afterwards begin to act, we can see how a now species 
may he formed. 

“The difference between Banunculun replans and R. Flam- 
viida^ for instance, is chiefly a difference in the leaf-ratio — the 
leaves are longer and narrower in the second form ; and Ross 
has experimentally changed the one into the other by growing 
them under different conditions, and, so far as I can gather 
from his paper, his method consisted in increasing the amount 
of moisture.”' 

ii. The cricaccous type, as well as that of tlie evergreen 
and coriaceous leaves, are well marked. They are associated 
with a dry summer and a mild winter, and occur, for example, 
along the South of Europe, where the hmyhre {Erica arhorea\ 
ArbuUis Unedo^ together with Quercus Ilex, and olive occur ; 
so also in Japan, the shrubs of which, such as Euonymus 
japoniens, may be compared with the European species. Again, 
the type reappears on the Karoos of South Africa, the plants 
of which are characterised by having small leaves, much 
cuticularisation, and a wont of spongy parenchyma, so that 
they can endure a long dry summer with much w'ind ; and Mr. 
Elliott adds his belief that “these physical conditions have 
produced this form.” ^ 

Lastly, the heaths of South Africa are represented by the 
Epacridem and other “ ericoidal ” forms in Australia. 

The leaves of the olive and evergreen oak, as compared 
with tire thin, deciduous leaf of the English oak, well illus- 
trate the peculiarities of the type in question. 

A more northern temperate climate, with a greater annual 
rainfall, is associated with deciduous trees, as in England; a 
result of a most marked difference between summer and 

^ Loc. eti., p. 3S3. Similarly Ji, Flammvla raised from seed in a pot bore 
cordate leaves at tirst. 

- Supra, p. 46, 
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Still farther north we reach the colder and drier 
regions, where we find the evergreen Conifcrai with aciculnr 
leaves. These, in their anatomical details, once more recall 
the structure of the most southern and dry climates. 

The troi)ics are noted for their hot dry and hot wet seasons. 
These furnish a third type of evergreen foliage. 

The question arises, are these distinct types the actual 
result of the varying combination of elements which go to 

make up these respective climates ? 

The liistological elements, I think, leave no doubt upon 
the matter ; though we may not bo able to explain the im- 
mediate action of each individual factor of the environment 
upon each individual element in the minuter structures. 

Analogy also furnishes an answer of some weight. Thus, 
e.fj. the presence of resinous matters, which, as A. do 
Candolle observed, favours the protection of the Omt/env 
against excessive degrees of cold, is the elfcet of the dry 
climate in which they live ; for, as Sir J. D. Hooker observed 
at Lamteng in Sikkim, Himalaya, that not only was the 
timber of certain species of pine inferior, but that they 
produced no quantity of resin, turpentine, or pitch; “which 
may perhaps bo accounted for by the humidity of the 

elimate.” ^ ■ r * 

Conversely, wax and resin are not characteristic features 

of tropical palm-trees ; but the exceptional Ceroxtjlon andicoia, 

which grows at very elevated regions on the mountains of 

New Grenada, secretes an abundance of wax. 

The immediate cause of the evergreen condition is a pro- 
longed period of vegetative growth. This is practically proved 
by genera or species of plants which are deciduous in England 
becoming evergreen farther south, as, e.ff., the honeysuckle 


‘ Him. Journ. (Minerva ed., p. 318). 
Ori'Oit/ii, Abies Wibbiana, A. Brunvntana, 


The treen named .an? Larlx 
and A. SmUhinna. 
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ill the Riviera and at Malta, while the cherry is evergreen 
in India, ^fany other cases might lie mentioned. 

A coriaceous texture is not infreijiiently assoeiaU^d with a 
spinoscent margin. Tlie reader will naall the leaves of 
Mah<mia, Holly, Quercus Ilex (especially tlic young foliage), 
Ou‘U)hoiiijn(\ tie., as all having a “holly-like’' leaf. 

Since it has been proved that spinescent features of all sorts 
do result from drought, as in the deserts, but the coriaceous 
type is more characteristic of exposed dry localities of more 
temiicrate climates than that of the sub-tropical deserts, there 
would seem to be enough coincidence to amount to a consider- 
able probability that this jieculiarity has been due to a dry 
and exposed condition, but not of intense heat. 

An interesting illustration of diinor]>hi8in in a coriaceous 
leaf may bo inserted here, which Mr. K. Tidmarsh has com- 
municated to mo from Grahamstown. He writes as follows : 
— “I send you the foliage of two species of Aralia, which 
would certainly be regarded as four species had X not known 
the plants from cuttings. One is that <Jf A. Veilcliii, as 
grown in a pot, and also when i>Ianted out in rather poor 
soil. Tlie leaf sent was, in fact, taken from a plant growing 
under glass in a poor soil.” They were about four inche.s 
long and one-fifth of an inch wide. The accompanying 
larger leaves were from a plant of the same species planted 
out in a mass of fresh compost in a hothouse, in a moist 
atmosphere, and with a temperature ranging from 60“ to 90". 
These latter leaves were five inches long and one and three- 
quarters broad. Hence, while the former are linear, the 
latter are broadly lanceolate and tapering at the base. He 
also sent leaves of A. reticulata^ which were upwards of two 
feet in length and six inches in breadth. “ The plant which 
bore these leaves,” he writes, “ was ten feet high, planted in 
the open on the banks of a stream, but too far above tlio 
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water to be benefited much by it. It was under willows, 
which to some extent protected the foliage from tlie frost of 
several degrees experienced at Grahamstown.” 

A somewliat analogous difference is noted by Dr. AV^arining 
in writing of the plants of Lagoa Sauta.i Of the plants 
in the dry Campos he says Certaines especes ont des 
feuilles tres r^duites et quelques-unes sont aphylles; elles 
appartiennent h. des families tres differentes. Chose digne de 
remarque, les esp6ces forestieres portent, en moyeune, des 
feuilles plus grandes et surtout plus larges que les espfeces 
de la meme famillc ou du meme genre qui habitent les 

Campos.” ^ , 

iii. The type of foliage characteristic of Thujay Jumpei'iLSy 

TamariXy Casuarinay Veronica hjeopodioidesy &c., in which 
the leaf is reduced to a minute, partly sheathing rudiment, 
would seem to be due to the same conditions as those which 
have caused the acicular, but have prolonged the arrest to a 
further degree. It is well known that two forms of leaves 
often exist on the same plant of any of the above genera 
or species respectively; and it is regarded as indicating a 
difference in development, the sharply-pointed form repre- 
senting the younger type, the adpressed semi-adherent rudi- 
ment, a subsequent type. This accords with my contention 
that it is simply a stiff further degree of arrest ; and therefore, 
when the pointed form reappears, it is a slight reversion due 
to an accidentally increased degree of vigdur by having more 

moisture . 2 

iv. The aloe-leaved type would seem to be the result of 
the linear leaf, typical of Endogens, growing in hot and arid 
districts, so that it has acquired its excessive thickness and 
rigidity by developing an enormous mass of water-storage 

» Op. cit. {supra, p. 2), p. 156. 

3 See supra, p. 108. 
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tissue ; this being the most characteristic internal feature of 
such leaves.^ 

V. Fleshy-leaved plants arc characteristic of maritime and 
saline regions, ns samphire and Plantcujo marituna of our 
shores ; and several Chcnopodiaceous plants in salt marshes, 
itc. Again, dry and stony or rocky ground is also favoured 
by the presence of others, as stonccrops, while ZygophijUum 
frequents the desert. 

M. Lesage, as already stated, luis proved that salts arc the 
immediate cause of the succulcncy in the first-mentionc<l 
cases ; and we may safel}' surmise that the adaptations to 
the dry and hot localities frequented hy others is cqiially an 
outcome of their environment.- Hence the peculiar forms 
assumed hy the leaves of such plants is entirely due to their 
environments. 

vi. Water is a powerful means of aflecting leaves and pro- 
ducing the prevailing typical forms. I have had occasion to 
say so much upon this head that I need only remind the 
reader of the dissected form of foliage found in the submerged 
leaves of widely dissimilar orders, e.g.y Ranunculus heiero- 
phyllusy Cabomba, Trapa, (Enanfhe, Ceratophyllum, Myrio- 
pJnjUumy <fcc., among Exogens; while the ribbon-like type 
is especially characteristic of Endogens, though found also 
in HippuriSy Lobelia DoHmanjiay and approximately in Cai- 
litriche^ <&c. 

On the other hand, the floating form is very much the 
same in both classes, as seen in Ranunculus^ Nympha:a, 
Cahoinhay Limnat^hemum of Exogens, and in HydrochaHs 
and (rarely) in Altsnta of Endogens ; while the final typo 
reached in Endogens is usually the hastate or sagittate, as in 

‘ For further retiiarks on the theoretic.^ origin of this type, see “Origin 
of Endogens,” Ac. Jonrn. lAnu. Soe. Bol.y xxix. p. 518. 

* See supra, pp. 50 and 131. 



246 THE ORIGIN OF PLANT STRUCTURES 

Satjittaria and llichardi'i, these forms being transitional in 
Nymj^ha’.a^ Victoria^ Szc.^ 

vii. Lastly, the extremely degraded aquatic type, which may 
be called “ Algoid,” is characteristic of Podostemacece, but 
typically found in many marine Algae, as Delesseria, (fee. 

This rapid survey of the forms of leaves will be quite 
enough to establish the contention that they are in all cases 
due to their environmental conditions, coupled, of course, with 
the self-adapting powers of protoplasm, without any aid from . 
Natural Selection. 

The reader will perceive how the same lines of argument 
hold good in this case as in all previous ones ; so that as each 
subject was brought forward in turn, they all mutually 
strengthen each other, as the argument is identically the same 
in every case. 

viii. Composition. — That compound leaves are derived from 
simple ones goes without saying. The innumerable transi- 
tional forms alone would prove this ; .as, e.^., Ruhus, PotejtfUla 
reptanSy Ainpeloxysis Veitchii, Ncyundb Jrwynnifoha^ and many 
others; and it would appear to be tt safe inference that 
the advantage to the shrub or tree in Laving decply-lobed 
or compound leaves is that light can be readily transmitted 
to a depth within the bush or tree ; which could not be other- 
wise the c-ase if all the outermost leaves overlapped one 
another and left no intersp.aces for light to reacli the under- 
lying ones. 

The question before us is, however, how .are compound 
leaves formed from simple oncsl One must first ask how 
arc lobed leaves produced from entire ones, because lobed 
and divided lc.avcs represent the transitional stage before 
complete separation of the leaflets is acquired. Let us select 

* F«>1- further dutailit Ihu rf-aeWr J.s ref«Tre<l to a full discussion in the 
paper “Oil a. Theoretical Origin of Endogens,” supra, p. 245. 
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,111 example such as Is furnishcl hy a vigorous ye.irly shoot 
of the snowberry, in ivhich the following facts may be noticed. 
The Hrst formed leaves at the base, where energy is not yet 
vigorous, are small and entire; towards the middle of the 
shoot, where energy is most vigorous, the leaves are much 
larger but more or less lobed. At the close of the year’s 
shoot, the leaves are again small, like the first formed, and 
entire. Similar differences may be seen on a vigorous shoot 

of holly, &c. 

Now in making the shoot, two factors at least are obviously 
concerned : one is the vital energy expended in growth and 
development, the other is the materials wherewith to construct 
the leaves, or the degree of assimilative power coupled with 
such nutriment as the soil may supply. At the beginning 
and ending of the period of growth energy is relatively feeble, 
the materials being just sufficient to make the small leaves 
entire. For the middle period, when vigour is at a maximum, 
materials fall short of what is required to make the largest 
leaves complete; hence the parenchyma between the lateral 
veins is not formed sufficiently to fill up the whole of the 
spaces and so round off the margins. 

As the above described feature is not accidental and occa- 
sional, but now always true, it has evidently become fixed 
and is hereditary. 

Hence, if the above be the correct interpretation, the original 
cause of “ lobing ” is simply one of nutrition : and whatever 
degree it has attained, from the repand state of an oak-leaf 
to the pinnatisect or palmisect types of many plants, it is 
now fixed and hereditary. It would seem, however, to bo 
often liable to change according to varying degrees of nutri- 
ment and assimilation ; thus pinnate and bipinnate portions 
often occur on the same frond of a fern, the terminal portion 
being pinnate, while the central and more vigorous may bo 
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bipiimate. Similarly in Rnhus fruticosus and R. idceits the 
leaves adjoining the inflorescence are simple, vegetative energy 
coming to a close to give way to the reproductive ; but else- 
where ternate and quinate leaves can be found. Various 
methods are adopted ; thus, the lowest pair of leaflets in the 
blackberry are “separated from” the firet pair of leaflets, which 
had originall}' themselves been derived from the tenninal 
one : the order of the formation of the leaflets is therefore 
basipetal. In the raspberry, however, it may be noticed that 
the lowermost pair of the two pairs were the first formed ; 
the upper pair being also derived from the teriiunal leaflet, 
but suhs&itientli/ to the lowermost. The order is therefore 
basifugal.^ 

In Dracontium pertustim we see a permanently established 
peculiarity in the leaves having “gaps” and “slashes” wliich 
the plant as a rule does not appear to be able to fill \ip, tlie 
habit being now hereditary and characteristic.^ It is, how- 
ever, by no means absolute ; for if the plant be highly 
nourished and can grow vigorously, few or no holes may be 
left at all. On the other hand, they increase in number and 
size in a poor soil Again, as illustrations of anomalies arising 
from insufficient nutrition, M. Fr. Buchenan ® has observed 
a hornbeam which at first bore very small and lobed leaves, 
but, by an amelioration of the nutritive conditions, developed 
by degrees leaves of the normal form and size. On the other 
hand, M. F. Hildebrandt^ has also observed leaves of Rhamnus 

^ The reader will, of course, allow for the use of the above metaphorical 
expressions* 

“ See “Origin of Kndogens,” &c., p. 522, for a theoretical origin of 
the perforations. 

® Ueber cinen Pall tier EntsUhuiu/ dcr eichenhUitUriyen Form da' 
Jlainbuche (Carpinus hctidui, L.). Jlot. Zeit., 1891, p. 9 ^* 

* C'ebcr ciniyc jdbtdiehe Umdndcruivjcn an PJlanzcn. Dcrichtc dcr cUnl- 
aclun bo(an. QaclLschaft, Dd. ix. Heft vii. p. 24. 
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Frangula, of the walnut, and of Hepaiira triloba U) become 
lobed, this condition prevailing for seveiul years. 

That impoverishment and a want of an active assimilative 
power are the immeiliatc causes of this p(‘culiarity is borne 
out by other instances. Thus, submerged leaves, as the reader 
has been already reminded, arc always more degenerate in 
structure than floating or aerial leaves. Hence it is not 
surprising to find some Potamogetons occasionally, and Out i- 
ramlra fenedralu to be always fenestrated. I would here 
observe how very similar effects can be produced abnormally 
when buds are exposed to an excessive chill just as they are 
expanding. This not infrequently occurs in our spring-time. 
Thus in horse-chestnuts the young leaves may receive a 
check, so that when the leaves arc subsequently dcvch>pcd, 
they are found to be perforated and more or less pinnatifid. 
This is, of course, merely an accidental occurrence and not 
permanent, but it indicates the lines upon which nature 
appears to work in establishing the hereditary character of 
lobed, pinnate, and other sorts of divided and compound 
leaves. 

Another abnormal variety of many herbs, shrubs, and trees 
is the “ cut-leaved.” This occurs on many plants, and would 
seem from analogy to have resulted from an accidental de- 
ficiency of nutriment, or at least a want of assimilative 
power ; and although it is somewhat doubtf\d whether it can 
be transmitted by seed, it is in a sense hercditai’y, in so far 
as, when grafted on a normal tree — e.#?., in the case of the 
beech — it may transmit the cut-leaved peculiarity ever after- 
wards on that side of the tree' to which it was originally 
united. The horse-radish is another example of a casual 
variation. When this plant is cultivated in a rich soil, it 

* Production ct Pixution dam Ics V^ 4 Utux^ pur E. A. 

Currwre, 1865, p. 46, !igs. 5, 6. 
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bears large lanceolate and perfect leaves ; but stray plants 
growing in waste ground or gravelly soil often bear deeply 
piniiatifid leaves of various forms. No permanent variety has 
been established, but it shows how such leaves are caused ; 
and all analogy seems to prove that if the influence be per- 
manently kept up, Ihen the dissected form may become per- 
manent; just as with Runwicvlus heterophylluSi which, when 
grown as a terrestrial plant, cannot recover the “ whole leaves, 
but adapts the dissected form to an aerial existence ; but the 
leaf with its filiform segments has undoubtedly arisen by 
having been submerged. 

The dandelion is a plant excessively variable in the incision 
of its foliage, the leaves being irregular and more deeply in- 
cised in dry places, but far less so in marshy ground, when it 
takes the varietal name Sir J. D. Hooker associates 

four forms with the following conditions respectively : — Taraxi- 
cum oJfiHnahy cultivated ground ; var. T. erythoapennum^ dry 
places ; T. lomyatum, sandy places ; T. palustre^ moist moor- 
lands. To this might perhaps be added T. minimum, rocky 
ground, Malta. ^ 

We thus have here a series of phenomena parallel with the 
varying degrees of hairiness, succulency, lignification, cuticu- 
larisation, i\:c., in that while in some cases excessive degrees 
arc only casual or accidental and temporary, and not to be 
trusted as hereditary, in other cases they can be propagated by 
grafts and not by seed; while, lastly, similar structures in 
other plants are quite characteristic and permanent, and can 
then be used as classiflcatory, being fixed and hereditary. 


> The rejulev muy be referred to a paper entitled Jtccherchcs sur Ics 

PUinUs u PiquanU, par M. A. . Lothelier, Ilcv. iUn. ilc 
PI. iS, 19, where several comparative foiiu-« of leaves are diustrate , 
C.'ut'turca, c.fj., having a t<.«.thed leaf in a un.ist .atmosphere, but a deeply 
pinnatisect one in a dry air (PI. 19, fig». 7 S). 
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This is all exactly what one would expect; for whatever 
the cause may have been primarily, if it he continuaJlj/ in action 
the result tends to, and often does, become fixed and hereditary, 
i Thus, too, M. Carrifcre writes “Faisons aussi remarquer quo 
I les diverses combiiiaisons faites pour perpdtuer les vari<St6s, ou 
pour en obtenir dc nouvelles, reposent sur cette loi g(5n(5rale 
que, dans la nature, tout tend A se reproduire ct memc a 
s’dtendre ; que par consequent les modifications peuvent non- 
seulement devenir h^rdditaircs, mais qu’elles peuvent encore 
servir de moyen pour arriver A d^autres modifications, h titendre 


^ct k multiplier de plus en plus les series typiques.” ' 

ix. Duration . — "NVe divide shrubs and trees into evergreens 
and deciduous, according to the duration of their foliage ; hut 
this is well kno\\Ti not to be absolute. In many cases, as has 
been already pointed out, deciduous oaks, cherry, and many 
other plants become more or less evergreen in M'armcr and 
moister climates, wherever “growing” conditions arc prolonged 
through the winter season. Thus an absence of sufficiently 
strongly marked climatic contrasts, M’ith the constant presence 
of moisture, accounts for the presence of evergreens in tropical 
climates. 

The existence of the well-marked and persistent characters 
of “evergreen” and “deciduous” is therefore primarily due 
to climatic causes. They have thus subsequently become 
fixed and hereditary. 

In addition to these nine classes of the peculiarities of 
leaves, I mentioned that there were several other special ones, 
such as spinescence, tendrils, ascidia, &c. ; but as these have 
been more or less already alluded to (as in the chapters on 
Desert Plants, Climbing Plants, &c,), further remarks need not 
now be added, beyond repeating what has been so often said — 


^ Op. cU., p. 9 («upra, p. 249). 
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that a careful study of each phenomenon always reveals the 
same fact, that the probabilities are very much more in favour 
of self-adaptation to the requirements of the environment in 
each case than is that of any indiscriminate variations, from 
which Natural Selection can pick out a chance individual more 
fitted to survive than the majority of unfitted individuals. 


which are supposed to arise and perish. 

General Conclusion. — It would not avail anything to add 
extra chapters on other parallel lines of evidence, such as the 
origin of depauperised states, of parasitic and insectivorous 
plants, itc., materials for wliich 1 have at hand; for if a 
reader be not convinced of the truth of my contention with 
the amount of evidence herein brought forward, he would 
probably remain unconvinced, however much might be added. 
On the other hand, I trust that tlie majority, if not all of my 
readers, will accept the conclusion that the Origin of Species 
is due to the joint action alone of the two great factors of 
Evolution — Variability and without the aid of 

Natural Selection ; although we arc, and are likely to remain, 
profoundly ignorant of the mysterious processes within the 

organism by which it is effected. 
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